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ABSTRACT 


The criteria governing the formation of a hydraulic jump in a partially 
filled fluid conduit downstream of a slope change are presented together 
with the necessary techniques to enable water surface profiles and jump 
location to be predicted. 


Computer programs designed to model the conditions leading to jump formation 
under flow and channel scale conditions compatible with current drainage 
system design are presented. 


The results of a wide range of test conditions in terms of jump formation 
and position downstream of a change in channel slope are presented together 
with a set of criteria to be used in evaluating whether a jump will occur 
for a given set of design conditions. 
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NOTATION 


A Channel cross sectional area 
C Chezy constant 

D Pipe diameter 

E Specific energy 


F&M Sum of hydrostatic force, F, and momentum, M, at any flow section 


Fy Froude number 

g Acceleration due to gravity 
h Flow depth 

h Centroid depth 


he Critical flow depth 


hy Normal flow depth 


L Jump location distance from pipe entry 
m Hydraulic mean depth 

n Manning coefficient 

PB Wetted perimeter 

Q Flow rate 

S Slope of energy grade line 


So Channel slope 


aD Water surface width in channel 

V Local average velocity 

W Width rectangular channel 

Z Elevation channel above some datum 
) Fluid density 


0] Approach pipe slope 
89 Test pipe slope 
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1. INTRODUCTION 


Early studies of the formation of a hydraulic jump in open channel fluid flow 
may be traced to the 1820's and to a large extent were responsible for the 
classification of flow regimes in open channels now employed. The major work 
on jump formation has been, historically, directed towards the large civil 
engineering excavated channels with near horizontal bed slopes and straight 
sided cross sectional shapes. Both experimental and analytical treatments 
find wide application in such open channel design. Characteristically the 
presence of a hydraulic jump is responsible for the necessary water surface 
profile discontinuity that must occur if flow is established in a channel at 
a velocity compatible with the rapid or supercritical flow regime when the 
channel slope and roughness characteristics dictate that subcritical, or 
tranquil, flow regime conditions should prevail. Obviously such a method of 
increasing flow depth also provides a potent energy dissipation and flow 
mixing mechanism. These characteristics of the hydraulic jump to some extent 
explain the interest in this phenomenon in open channel design. Chow [1] 
quotes a wide range of useful applications of the jump mechanism in open 
channel erosion and bed uplift by decreasing local velocity and increasing 
flow depth. Similarly the mixing properties of the jump can be utilized in 
chemical water purification processes as well as in aeration. 


A review of the literature on the topic therefore reveals a strong bias 
toward large scale applications, with the design criteria being designed 
with a view to including rather than excluding the hydraulic jump from open 
channel flow. 


In drainage design both scale and motivation are diametrically opposed to 
the situation described above. The conditions governing the formation of a 
hydraulic jump translate unchanged with the scale of the system; however in 
the design of a drainage system the occurrence of a jump is to be avoided if 
possible. Ina partially filled drainage pipe the occurrence of a hydraulic 
jump could result in a local full bore flow that would interfere with the 
venting of the system and could lead to back pressure problems upstream. 
Vertical stacks discharging into shallow gradient drains represent a design 
condition that could lead to jump formation. Additionally the local full 
bore flow could deposit suspended material on the crown of the pipe, leading 
after sometime to a possibility of pipe restriction and blockage. The 
location of a jump in plumbing systems design is of secondary importance. 


In the special case of hospital drainage flow in the UK this has been found 
to be a particular problem due to the use of the drainage system to transport 
macerated disposable bed pans manufactured from strengthened paper-mache. 


Thus in drainage design the hydraulic jump is to be avoided where possible 
by design. 


The objective of the computer simulation described in this report therefore 
was to produce a usable computer program that could give guidance on the 
design condition likely to produce a hydraulic jump. It was intended that 
the computer program would be tested in the work reported for a range of flow 
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conditions and pipe sizes and slopes typical of drainage design. These values 
incidentally being far removed from the calculation examples found in the 
literature for channels carrying flows measured in MG/Day. 


However, as mentioned, the basic prediction methods and the flow criteria 
translate across the scale differentials. One problem however does become 
obvious and that relates to channel cross section shape. The criteria relating 
to jump formation are primarily related to flow depth and velocity and hence, 
for a known flow rate, to channel cross section. Similarly the forces acting 
involve the calculation of flow centroidal depth. The large body of literature 
available is almost entirely restricted to simple, straight sided channel 
shapes, and understandably so. The introduction of circular sections, while 
not in itself difficult in a numerical computer aided solution, dispenses with 
any possibility of deriving analytical solutions for jump location, strength or 
depth change. Douglas et al. [2], for example present a jump location calcula- 
tion technique for a simple rectangular channel, with a range of simplifying 
assumptions, that is typical of the analytical treatments available [3, 4]. 


The technique chosen for this study was based on the assumption of gradually 
varied flow conditions both upstream and downstream of the hydraulic jump 
formed in the channel as a result of the slope change. Gradually varied flow 
implies that the flow parameters change sufficiently slowed for the steady, 
uniform flow equations, characterized by Chezy and Manning, to be applied to 
incremental length sections employing the local depth and velocity values. 


The criteria determining the formation of the jump are well documented in 
terms of a force and momentum balance at the jump between the upstream and 
downstream water surface profiles. This force and momentum balance leads to 
the concept of conjugate depths and hence to the strength and depth change 
associated with the jump. The gradually varied flow assumptions allow the 
water surface profiles to be calculated and hence the jump position may be 
calculated. 


This report presents the theoretical background to a computer model based on 
the gradually varied flow assumption and the force and momentum equivalence 
criteria for jump formation. A listing of the Fortran programs written to 
model the problem is presented together with flow charts and data input 
descriptions that will allow future use of the developed techniques. Results 
for a range of flow and pipe and channel design parameters typical of drainage 
Systems are included, both as summary tables produced by the programs and in 
graphical form to illustrate points and trends of particular interest. 


2. THEORETICAL CONSIDERATIONS 


Draili Steady, Uniform Flow in Open Channels 


Figure 1 illustrates the force balance equation for steady flow in an open 
channel or partially filled duct. The common expression of this relationship 
is known as the Chezy equation where 


Cv mS, (Ci) 
= hydraulic mean depth A/P, m 

= sin @ duct slope 

= mean velocity, m/s 

= Chezy constant. 


QqQ<x0o BA 


The value of Chezy coefficient C was found by Manning to be dependent on 
hydraulic mean depth and duct surface roughness n. The Manning formula is the 
simplest of the open channel equations: 


2/2 
n oO 


nh 


(2) 


where Q is the flow rate, m 3/s 
A is the flow cross sectional area, m2 


The value of the Manning coefficient, n, varies with pipe or channel material. 
Chow [1] suggests values in the range 0.009 to 0.018 for materials commonly 
found in building drainage systems. 


Equation 2 determines the flow depth under steady, uniform conditions, only one 
value of h yielding the values of A and m necessary to satisfy the equation. 

As this depth is by definition constant downstream, dh/dx = 0, it must also be 
the terminal depth corresponding to the flow terminal velocity at that channel 
slope. 


This depth, h,, is commonly referred to as the normal depth. 


The specific energy of the flow may be defined as 


= se WE (3) 
2g 
where h = local flow depth, m 
V = local average flow velocity, m/s 


For non-uniform velocity distributions a kinetic energy coefficient weighting 
factor, %, may be introduced as av2/2e; here, the assumption is made of uniform 
distribution with « = 1. 


It may be shown that for a rectangular channel, width W, that there are two 
possible depths for any particular value of E above a minimun. 


i eer as 
E> eh iG 
2g a 


> 
i] 


hW for rectangular case 


Q2 
hit sews 
2g(hW) 


h3 - Eh2 + Q2/2gw2 = 0 


For a constant specific energy, E, this equation has three roots; two real, 
one imaginary. Figure 2 illustrates the alternate depths possible for a 
constant specific energy, generally characterized as rapid and tranquil flow. 
It will be shown that the boundary between these two alternatives depends on 
flow rate and cross sectional shape. 


From equation 3 and Figure 2 it may also be seen that the flow specific energy 
has a minimum value below which the given flow conditions cannot exist. Ina 
channel of arbitrary cross sectional shape this value may be determined as 
follows: 


Q2 
|e oN OnE) 
2gA 
2 
gE ag. = bi ee (4) 
From Figure 2 
dA = T dh (5) 


where T is the surface width at any depth, h. 


From equations (4) and (5) the minimum value of E will occur at a depth value, 
he, that satisfies the expression 


1 - Q2T/ga3 = 0 (6) 


This value of h is referred to as the flow critical depth he. 


If the normal flow depth h, exceeds h, then the terminal flow would be termed 
subcritical, or tranquil flow. If h, is less than he then the flow is termed 
rapid or supercritical. 


It should be stressed that he is independent of pipe slope and pipe surface 
roughness; while the normal depth is dependent on both. Thus the same volume 
flow rate in any particular pipe may be rapid or tranquil depending on pipe 
slope, and similarly the same flow rate in a series of constant diameter pipes 
will be tranquil or rapid depending on roughness. 


Pipes or channels in which rapid flow is normal are termed steep’ pipes or 
channels in which tranquil flow is normal are termed of mild slope. It will 
be shown that hydraulic jumps may only be established in mild slope channels. 


Died Gradually Varied Flow in Open Channels 


Gradually varied flow is steady non-uniform flow of a special type. The flow 
parameters are assumed to change slowly, if at all, in the flow direction. 

The basic assumption in the treatment of this type of flow is that the local 
head loss at any section is given by the Manning expession, equation 2, for the 
local flow depth and rate under assumed steady, uniform flow conditions. 


Based on the assumptions above and figure 3, the depth profile may be expressed 
as follows: 


Gl. op Alay el bin ae 2 
aL { - te (Wa = Sb) arnt mays } (7) 


where (Z, - SoL) is the elevation at distance L along the channel, measured in 
the downstream direction; S, is sin 6, channel bed slope, 


hence - ¥ dv + Se - dh. nQ_ (8) 
g dL ayy EPs 


and as, Q = VA 


wva+yv dA=0 
dL di. 


and 9A = T from equation 5 it follows that 


gh pS AG (9) 
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dL ‘= ac TLE A stig Be } dh 
5 Jes Cna/amet -)e 
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where L is the distance between two known depths hy, hj). 


Figure 4 illustrates this numerical integration, which may be conveniently 
achieved by Simpson's rule. 


The numerator and denominator of the function to be integrated in equation 10 
may be recognized as the equations determining the critical and normal flow 
depths in an open channel. 


When the term (1 - Q2T/gA3) is zero the flow is at critical depth, i.e., there 
is no change in L for a change in h. 


When the term S, - (nQ/Am2/3 2 is zero uniform flow depth is achieved, i.e., 
there is no change in h for a change in L. 


For uniform cross section channels with constant roughness, n, and slope, S,, 
the expression (10) becomes solely a function of flow depth h. 

In order to numerically evaluate (10) it is necessary to define boundary 
conditions from which the integration may proceed. It should be stressed that 
the integration may be carried out either upstream or downstream from a known 
depth point. This ability is central to the use of this technique to determine 
the position of a profile discontinuity, such as an hydraulic jump. 


Figure 5 illustrates the control depths used in the prediction of the water 
surface profiles in the case being investigated, namely the change in slope of 
an open channel. 


It is assumed in figure 5 that suitable conditions exist for the formation 
of a hydraulic jump in the pipe downstream of the slope change. In order to 


predict the water surface profiles therefore three control depths are required 
as follows: 


1) 


2) 


3) 


Downstream boundary at C. It may be assumed that the downstream boundary 
is formed by the condition that critical flow depth forms at a free 


discharge. Experimental work (3) has shown that the depth at such a 
discharge is slightly less than critical and that the critical depth 
occurs slightly upstream, around 0.7 pipe diameters, however this 
assumption is sufficient if the channel considered is long. 


Naturally if the normal flow depth is less than critical then the flow 
depth is unaffected by the presence of the discharge point and normal depth 
is maintained up to the exit at C. In this condition the flow is termed 
supercritical and the local wave speed is less than the flow velocity. 

For this reason information concerning the presence of the open discharge 
cannot be transmitted upstream, hence the maintenance of normal depth. 


Calculation of the water surface profile upstream from C show that normal 
flow depth is approached very rapidly, perhaps within 10-15 pipe diameters. 
For this reason a simplification that is considered justified would be to 
assume normal flow depth, above critical, in the whole pipe section B to 

C. This simplification has a bearing on the calculated position of the 
hydraulic jump as will be discussed later. 


The upstream boundary at B. The upstream boundary is dependent on the 
exit conditions from the steep pipe AB, figure 5. If the specific 

energy at B in pipe AB is known, together with the flow rate, Q, then it 
is possible to predict the depth at B in pipe BC. Alternatively the flow 
rate and specific energy at B could be used as input information to the 
calculation, dispensing with the pipe length AB water profile integration. 


The entry condition at A. The entry condition at A determines the flow 
profile in AB. Critical depth at the entry point A may be used, the 
normal depth in the steep pipe AB will be less than this value and the 
profile will take on the shape shown in figure 5, approaching normal 
depth at some point along AB. 


Alternatively the pipe length AB may be assumed long enough for terminal 
flow conditions to be achieved at B. This despenses with the calculation 
of the water surface profile in AB as equation (2) may be used to determine 
normal supercritical depth at B and equation (3) determines the appropriate 
specific energy provided the channel depth-area relationship is known. 


The choice of the depth increment value dh in the numerical integration is 
based, in this treatment, on the difference between the control depth for 
that section and the “target” depth. For example in section C to B the 
control depth is the critical depth at C while the target is the normal 
flow depth reached at some point between C and B. The depth cannot exceed 
this target. Hence an appropriate increment site may be calculated by 


yi 


dh = Gh, = hodNeeCytorB Gi) 


where N is some reasonable number in the range 10 to 30, depending on the 
desired accuracy and computation time. 


Similarly for the section B to C 

dh = (h, - hp)/N (12) 
For the steep slope A to B the increment would be 

dh = (hg - hp)/N (13) 


where hg is the normal depth expected for that particular channel and flow 
conditions. 


Des Hydraulic Jump 


The hydraulic jump is an important example of local nonuniform flow. In 
drainage design it is to be avoided as the local depth increase may be suffi- 
cient to produce full bore flow and associated back pressure problems. However, 
in the wider engineering context the inclusion of a hydraulic jump is often 
beneficial as a means of rapidly dissipating flow energy, with consequent 
reduction in channel erosion problems, the design of power plant turbine tail 
races being an example. 


There is a considerable body of experimental and analytical literature available 
on the formation and characteristics of the hydraulic jump. The majority of 
this work is related directly to large civil engineering applications and is 
also confined to channels of straight sided cross sectional shape, from 
rectangular to trapezoidal. This is understandable as such channel shapes 
would be the naturally excavated design. Although laboratory models usually 
employ rectangular glass sided open channels to study, for example, jump 
formation downstream of a sluice gate, no references were found to the case 

of jump formation downstream of a slope change in small diameter partially 
filled pipes, namely the building drainage case. 


The flow process leading to the formation of a hydraulic jump may be explained 
as follows: Assume that flow is established in a mild slope channel at a depth 
below critical for that channel and flow rate. As the normal flow depth is 
greater than critical, i.e., definition of mild slope, the effect of cumulative 
friction losses in the channel will be to increase the depth, with a consequent 
decrease in local average velocity. This depth change should continue until 
normal flow depth is achieved at some downstream point. This cannot happen via 
a gradually varied flow process as the theoretical water surface slope would 
have to be vertical as the depth passed through the critical value. Hence a 
discontinuity, or jump, in the depth profile is required to transfer the flow 
from supercritical conditions upstream of the jump to subcritical downstream. 
It is important to note therefore that such a discontinuity can only occur from 
a depth below critical to a depth above critical. 


In the steady flow case, namely flow conditions constant with time, the 
position of this jump may be determined by a consideration of the forces 
acting on the fluid at the jump position and the water surface profiles 
upstream and downstream of the jump, figure 6. 


Referring to figure 6 and assuming both a near horizontal channel, so that the 
fluid weight component may be ignored, and steady flow conditions, application 
of the momentum equation yields: 


eZ) = pea > Va) 
where Fy, are the hydrostatic forces at 1 and 2 


hence pe A, hy = 0 


g Ayhy = pAyV> ~ eA, V] Glen 


g 
where A is the flow cross sectional area and h is the centroid depth, 
as illustrated in figure 7. 


Rearranging (14) yields: 


(pgAh + p,Ah + pAV? ). 
or 


(F4M)] = (F+M)9 (15) 


where M is the momentum term pAv2 


This analysis assumes that the jump length may be ignored, this allows the 
exclusion of local frictional effects over the pipe section containing the jump. 
This point will be returned to in the discussion of the prediction model. 


It will be seen that both F and M depend on the flow depth and on the relation- 
ship between depth and area and hence centroid position. 


The complexity of this expression (15) depends entirely therefore on the form 
of the depth to area relationship and on the local water surface profiles 
either side of the jump. The (F+M) term is sometimes referred to as the 
specific force (1); however this not entirely satisfactory due to the momentum 
content, and thereafter it is referred to as the (F & M) tern. 


Thus the position of the jump may be predicted provided that the flow depth 

profiles upstream and downstream are known. A knowledge of local depth plus 
the steady flow assumption allows all the terms in equation (15) to be calcu- 
lated and allows the (F & M) values applicable to each point on either water 
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surface profiles upstream and downstream of the jump to be plotted as shown 
in figure 8. 


The intersection of the two (F & M) curves fixes the jump position. The two 
corresponding depths on the upstream and downstream water surface profiles 
are the conjugate depths for the aumpe and allow the energy loss to be 
calculated across the jump. 


2 9) 
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The formation of a hydraulic jump downstream of a slope change is not inevitable 
however. Figure 9 illustrates five conditions that should be considered in 
evaluating the possibility of jump formation. 


a) If the flow normal depth, dependent on both pipe slope and roughness, is 
less than the critical depth, that is independent of slope or roughness, 
then no jump will form. 


b) If the flow normal depth is greater than the critical depth and the (F & M) 
term at pipe entry is greater than the normal depth (F & M) value, then a 
jump will form as shown in figure 9. Its position may be determined as 
described previously. 


c) If the pipe is insufficiently large in cross sectional area to maintain a 
free water surface, i.e., open channel flow, then full bore flow will be 
established in the pipe. This case is not treated here beyond its 
identification by comparing the normal depth calculated to the available 
pipe diameter. 


d) A more interesting case occurs if the (F & M) value at pipe entry, i.e., 
at the slope change, is less than the (F & M) value appropriate to the 
downstream normal flow depth. In this case the jump effectively forms in 
the steep pipe, or it may be regarded as drowned at pipe entry. Analysis 
of this case requires the introduction of the mass component down the 
steep slope appropriate to the water mass contained between the sections 
1 and 2 in figure 6. This introduces the physical length of the jump, 
obviously a simple treatment regards the jump as concentrated in one 
location; however in practice it can have lengths several times its down- 
stream depth. Chow [1] presents an analysis based on empirical jump length 
measurements for rectangular channels, however no data is available for 
partially filled pipes and for the purposes of this study this case is 
merely identified by a comparison of the (F & M) term values as mentioned 
above. 


e) A trivial case is formed when the length of pipe available downstream of 
the slope change is short. Here no jump will form if the length is less 
than that necessary for the flow depth to increase to the theoretical jump 
conjugate depth value appropriate to the upstream water surface protile. 
This case is not illustrated in figure 9. 
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Figure 10 illustrates the tests associated with these boundary conditions. It 
will be seen that (F & M) curve vs. slope has a minimum value, hence for parti- 
cular pairs of values of 6), and 6) the (F & M) terms may change in their 
relative magnitudes. 


Figure 11 summarizes these tests into a format that will be employed later in 
the generation of tables to indicate jump formation possibility. 


2.4 Loss Coefficients for Slope Transitions in Open Channel Flow 


No data could be obtained on the loss coefficients for slope transitions in 
open channel flow. For this reason the results presented assume no loss at the 
test pipe entry. The computer program as written has been designed to include 
such a loss coefficient, in the range 0 to 1, should such data become available 
from a future experimental program. The effect of such a loss would be to 
increase the flow depth at pipe entry, with a consequent decrease in the (F & M) 
term at pipe entry. In turn this would have the effect of generally moving the 
jump location upstream towards pipe entry. At the lower approach pipe slopes 
this effect could result in the jump appearing to become drowned at pipe entry. 
Experimental work is required to verify the model and the predicted effects of 
the loss coefficient discussed above. 
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sie CALCULATION TECHNIQUES AND PRESENTATION OF RESULTS 


3.1 Determination of Normal and Critical Depths 


The bisection method was used to solve the equation defining both critical flow 
depth 


and normal flow depth 
Yogic one cn Q/am2/3 2 


It may be assumed that both X and Y have zero values for some value of depth h 
in the range 0 < h < D for pipe case or 0 < h < W for the square section case. 
The process is described below: 


The initial interval is bisected and a trial value of h = D/2 or W/2, depending 
on geometry, is used to evaluate X, Y above. If the resulting values are 
positive then the sought after root is less than the trial value just used. 


A new trial value is obtained by bisecting the interval 0 to D/2 or W/2 and X 
and Y recalculated. If the values obtained remain positive, a further reduc 
tion in trial value is obtained by bisection. 


If the values of X, Y are negative then the desired root is larger than the 
trial value and an increased h value is obtained by bisection between the 
upper limit, in this case D or W, and the trial value just employed. This 
process may be repeated until the required root is obtained. 


Due to the need to include the area depth relationship the solution process 
Must be iterative. The computation time depends largely on the complexity of 
the area-depth function. 


3.2 Numerical Integration for Surface Profiles 


The integration of the position vs depth profile 


h 
2 2 3 
ea One A 
L=f eb yRnQhy BEAS ses dh 
hy Sy - (nQ/Am?/3)2 
ny 
is achieved by means of Simpson's Rule. Let the integral X = f F(h) dh, 
ho 


then if the interval hj-ho is divided into 2 equal increments, the value of X 
is given by 


xX =Ldh [(F(h,) + 4F(hotdh) + F(h,t2dh)] 
3 


As the integration moves on the length traversed may be accumulated as L = L + X 
at the completion of each integration. 


3.3 Determination of Jump Position 


The water surface profiles and the associated (F & M) curves for the flow 
upstream and downstream of the jump are illustrated by figure 8. The jump 
position is determined in the following manner within the computer program; 
figure 12 illustrates: 


15) Choose a small increment Ax less than the smallest AL on either of the 
water surface profiles. Note AL varies along each profile as shown in 
figure 4. 


72) For the water surface profile downstream of the jump, i.e. that calculated 
by integration back from the critical depth at pipe discharge, determine 
the calculated profile points on either side of the Ax value, measured 
from pipe entry, points G, H figure 12. 


3) Calculate the (F & M) value at position Ax on the downstream profile, 
point J. 


4) For the profile calculated by integration downstream from pipe entry 
determine whether the corresponding (F & M) values at the known profile 
points on either side of Ax are bracketing the trial (F & M) value from 
step 3, points K, M. If this is the case the curves intersect in this 
increment, if both are greater than the trial value then the curves have 
not intersected up to this interval. 


5) If the curves have not intersected, increase the search position from 
x to x + Ax and repeat steps 2 through 4. 


6) If the curves have intersected then the intersection point can be 
obtained by solving the two straight line equations representing the 
water surface profiles between the two pairs of known points bracketing 
the intersection position. This is illustrated by points UV, and XY in 
figure 12. 


The technique uses the simplifying assumption that the water depth down- 
stream of the jump is at the normal flow level, hence (F & M) for C to B 
becomes a known constant. This simplification was extensively used in the 
results presented (in figure 12 the resulting downstream depth was H then 
became the constant normal depth value). 
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3.4 Presentation of Results 


The parameters governing the flow and the location of the hydraulic jump are 
numerous. The selected test cases, analyzed by program HYDJUMP run on the 
NBS CBT Perkin Elmer 732 computer, are summarized below: 


1.1) Pipe diameters: 0.075, 0.10, 0.15 m. 

1.2) Manning coefficient 0.015. 

1.3) Test pipe slopes at all pipe diameters: 1/40, 1/80, 1/100, 1/200 
(Additionally slopes 1/150, 1/300, 1/400, 1/600 were run for the 0.15 m 
diameter pipe only). 

1.4) Approach pipe slopes 2°, 4°, 6°, 10°, 20°, 30°, 45°) GOjzee/Smarandao0ne 

1.5) Additionally for the 0.15 m pipe at 1/300 slope, the effect of Manning 
coefficient values of 0.009, 0.012, 0.015 and 0.018 on jump position for 
the whole range of approach slopes was carried out at one flow rate. 


2.1) Rectangular channels, width 0.075, 0.10, 0.15 m. 

2.2) Manning coefficient 0.015 only. 

2.3) Test pipe slopes 1/40, 1/80, 1/100, 1/200. 

2.4). Approach pipe’ slopes 2°, 4°, 6°, 10°, 20°, 30°, 45°, 60%) /5meandmoOhe 


The full results are presented in tabular form in a series of appendices. 


In addition plotted data is presented to illustrate the main points in the 
discussion of the results. 


The results indicated the need to determine the boundary conditions in terms of 
normal and critical flow depths, pipe diameter and (F & M) values. This led to 
an additional program HYDSUM, capable of calculating normal and critical depths 
as well as (F & M) values. Tables based on this program's output are included 

as a method of determining whether a jump will form in the test pipe. 


The two main programs, HYDJUMP and HYDSUM are included in an appendix together 
with flow charts and input data instructions. 


3.5 Selection of Input Data 


The choice of input test conditions was governed by the range of values likely 
to be found in drainage systems. The pipe diameters chosen, 0.0/5, 0.10 and 
0.15 conform to this criteria as do the pipe gradients used for all test cases, 
1/40, 1/80, 1/100, 1/200. The choice of pipe roughness or Manning coefficient 
was more difficult, however values in the range 0.009 to 0.018 are recommended 
in many texts, i.e. Jaeger [3] and Chow [1]. 


As previously discussed, the losses at the change of slope that produce the 
conditions conducive to hydraulic jump formation have been ignored in this 
treatment. No available data on open channel transition loss coefficients for 
partially filled pipes or channels could be obtained. The program is capable 
of dealing with transition losses however via an input data control variable 
provided the loss can be expressed as a factor, 0 to 1.0, of the specific 
energy of the flow at pipe entry. 
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4. DISCUSSION 


The position of the hydraulic jump in a mild slope channel following a change 
in bed slope is determined by the equivalence of the hydrostatic force plus 
Momentum terms outlined in equations 14 and 15 and figures 6 and 8. If, as a 
starting assumption, the flow downstream of the jump is assumed to be uniform 
and at normal depth, then the jump position appears to be entirely dependent 
on the rate of change of the (F & M) term with respect to distance along the 
channel. This is demonstrated in figure 12, and the following analysis. 


The results for jump location therefore may be discussed in terms of the 
parameters governing this gradient, d(F & M)/dL. 


From equation 14, that the (F & M) term at any location may be expressed as 


(F & M) = pgAh + pAv2 


Ge 
F & M= pgAht+ pq Oe 
BGO) ca) poh dh. + pop, dA — » O° dA Sno) 
dL dL dL A2 dL 


The form of equation (17) indicates that (F & M) will initially decrease as 
depth and hence area A increase, however at some depth value the hydrostatic 
force term will predominate and the (F & M) value will increase. It therefore 
follows that there would theoretically be two intersection points for the two 
(F & M) curves in figure 12, however the intersection closest to the pipe entry 
is the valid solution and the technique described in figure 12 will ensure that 
this is the solution produced. The form of equation (18) confirms this point, 


d(F & M)/dL being initially negative due to the predominance of the momentum 
term. 


As the rate of decrease of (F & M) is dependent on both depth and rate of change 
of depth, it is necessary to incorporate the Manning equation to represent local 
friction losses at the equivalent steady, uniform flow conditions. This appears 
in the denominator of equation (10) and may be used to explain the movement of 
the jump position. 


ee tog) ine (19) 


AL i) oe Q2T/ga3 
Changes in S,, Q, and n that result in an increase in the value of Ah/AL will 
indicate an increase in d(F & M)/dL, however this does not automatically imply 


that the jump position will move upstream. 


5) 


Figures 13 and 14 illustrate the dependence of flow normal and critical depths 
and (F & M) values on flow rate and pipe slope for the 0.15 m diameter pipe 
case. It will be seen that as Q increases or So decreases, the values of 
normal depth and (F & M) increase. This effectively reduces the necessary drop 
from the (F & M) value associated with the water surface profile at pipe entry 
upstream of the jump, figure 12, and would imply, for a constant d(F & M)/dL, a 
jump location movement towards pipe entry. 


Consider the jump location movement illustrated in figure 15. For constant Q, 
D, n and test pipe slope, S, = Sin 67, the value of Ah/AL will be constant, 
equation (19). Similarly for constant Q, D, n and S, the value of normal depth 
in the test pipe, figure 13, will also be constant, providing a constant target 
(F & M) value. 


However as the approach pipe slope, 6], increases the value of the entry 
conditions to the test pipe change, the entry depth decreases and the entry 
velocity rises. Thus as 6, increases the entry value of (F & M) at L=0 
increases, this effect for constant flow rate is illustrated in figure 14. 


Therefore the intersection point between the (F & M) curves associated with the 
water surface profiles upstream and downstream of the jump would be expected to 
move downstream as the approach pipe slope increased. This effect is illustrated 
in figure 15 for each of the test pipe slopes considered. Figure 16 confirms 
this result for the rectangular section channel. 


Inherent in the definition of the hydraulic jump location is the criterion that 
the depth upstream of the jump is below critical and that downstream is above 
critical. This implies that the Froude Number (upstream of the jump), defined 
as 


Eni ¥igh (20) 


is greater than unity upstream and less than unity downstream. This results in 
the inability of jump position information to be transmitted upstream as the 
wave speed is less than the local flow velocity. As a result of this the depth 
downstream of the jump may be thought of as the sole determinant of jump 
position for similar flow situations. This effect is illustrated in figure 15 
and 16. 


Consider the case of constant approach pipe slope 9, and constant flow rate Q, 
i.e. vertical lines drawn in the L - sin 9) plane. In this situation the 

(F & M) value at pipe inlet remains constant, however as the test pipe slope, 99 
decreases the normal flow depth increases and with it the target (F & M) value, 
figures 13 and 14. Thus the downstream flow depth controls the jump position, 
the jump moving towards the pipe inlet as the test pipe becomes less steep. 
Jaeger [3] quotes this depth effect as the sole determinant of jump position in 
the case of hydraulic jump formation upstream of an obstruction to the flow. 


As indicated in figure 15 jump location may be expressed by an equation of the 
form 
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iy, Ope sin(e-@4) °° Ai) 

It was felt that such an empirical formula had little value in this situation 
due to the complexity of the boundary conditions already described and the 
ability of the computer simulation to predict jump positions for a wide range 
of flow conditions in a relatively short time. It would appear from the 
available literature, although primarily directed to large civil engineering 
applications, that this conclusion is shared by most investigators, as no 
similar relationship was found. In every case it was recommended that jump 
position be calculated by the gradually varied flow analysis presented for 
each set of flow conditions. 


The downstream depth also controls jump position as indicated by the results 
presented in figures 17 and 18. Here for constant S, = sin 6; = 1/200 and 
constant D and n the jump location moves upstream as the flow rate decreases 
from 8 to 1 %/s. Reference to figure 14 at any value of sin 6) indicates that 
the differential between (F & M) at L = 0, i.e. pipe entry value, and the (F & M) 
value appropriate to normal depth in the test pipe, decreases as the flow rate 
decreases. Hence, with reference to figure 12, the intersection position would 
be expected to move upstream, as confirmed for both circular and rectangular 
cross section channels by figures 17 and 18. 


It will be noted that none of the jump position curves pass through the 
origin. This is to be expected as theoretically the jump location would tend 
to L = 0 as approach pipe slope 91 approaches the test pipe slope 97. In 
addition to this effect some of the curves, namely those representing shallow 
test pipe slopes, intersect the sin 9) axis at approach pipe slopes greater 
than this minimum. This is due to the drowning of the jumps at pipe entry, as 
illustrated in figure 9, Case 4, caused by a reversal of the differential 
between (F & M) at pipe entry and the (F & M) value associated with the normal 
depth flow in the test pipe. As mentioned previously the jump moves upstream 
into the approach pipe and a calculation of its position requires a knowledge 
of jump length and approach pipe slope. No theoretical calculation technique 
for jump length, i.e. the distance between control sections 1 and 2 in figure 
6, is available, the data on this variable being entirely empirical and 
generally applicable only to straight sided channel shapes. 


Tabulated results for the full range of test cases represented by figure 15 to 
18 for pipe diameters and channel widths 0.0/5 to 0.15 m are presented in 
Appendices 1 to 6. Tables 1 and 2 present typical examples for the 0.1 m 
diameter pipe and channel cases. These results for the smaller dimensioned 
channels, 0.0/5 and 0.10 m diameter and width confirm the discussion presented 
above. Figures 19 and 20 are representative of these results. 


Referring to figures 19 and 20, it will be seen that considerable difficulty 
was experienced in producing comparable test cases for the three channel dimen- 
sions chosen. This is entirely due to the influence of the boundary conditions 
introduced in figures 9 to 11. Indeed no jump formation was possible at 1/4U 
for the full range of test cases dealt with. This result prompted the prepara- 
tion of tabular data based on the boundary conditions illustrated in figure 1U 
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that would allow the formation of a jump, but not its location, to be predicted 
at considerably less computing time. 


Table 3 illustrates the technique. Full tables for the test cases covered are 
presented in Appendix 7 and 8. 


Referring to table 3, assume that the flow rate is Qj), approach pipe slope is 
U, and test pipe slope is S97. Pipe diameter is D and the Manning coefficient 
is n. The table has been produced by means of equations (2), (6) and (14) and 
allows the following boundary checks to be made, corresponding to figure 9. 


1) Case 1, compare hnj 2 to he) , (1 hn] \2 < heg, no jump possible. 
2) Case 2, compare hn] 2 to hep, if hn} 2 > hea, jump possible. 


3) Case 3, compare hn, 2 to D if hn] 2 = D, full bore flow, jump forms but 
location not determined. 


4) Case 4, compare the normal flow depth value of (F & M) at Qj and S; in 
the test pipe, (F & M)j7, to the value of the (F & M)* term at pipe entry. 
It is assumed that this is equal to the terminal (F & M)* value in the 
approach pipe and that the approach pipe was sufficiently long to allow 
normal flow depth to be established. Approach pipe slope designated Uj). 


hence (i) if (F & M)i9 < (F & Mrs jump possible 


Cit) 1 fCi& Mp2) CR Mio then the jump forms in the approach pipe or 
is drowned at pipe entry. 


Appendix 8 presents similar tables for the 0.15 diameter test pipe case only 
for a range of Manning coefficient values 0.009 to 0.018. This table was used 
to determine a suitable test case for an evaluation of the effect of Manning 
coefficient on the jump location in a 0.15 m diameter channel. From Appendix 8 
employing the method outlined above for table 3, a test case based in 6 l/s 
flow rate at a pipe slope of 1/300 was seen to produce a hydraulic jump at 
each of the values of Manning coefficient between 0.009 and 0.018 chosen. 
Appendix 9 contains the results of this test series while figures 21 and 22 
summarize the data. 


Two test cases were investigated. 

1) Manning coefficient constant for both approach pipe and test pipe. 
Figure 21 illustrates this case. As is to be expected the jump location 
moves downstream as the value of Manning coefficient decreases. This is 
in line with Jaeger [3] comments on the importance of downstream depth as 
the normal flow depth will decrease with decreasing Manning coefficient. 
Similarly this result agrees with the description of jump location move- 
ment based on (F & M) values. As n decreases the normal flow depth (F & M) ‘ 


value in the test pipe decreases. For the approach pipe the decreasing n 
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also results in a reduced normal depth, however due to the slope of the 
(F & M) vs slope curve illustrated by figure 10, this results in an 
increased value of (F & M) at test pipe entry. This increase in the 
differential between the entry and target (F & M) values in the test pipe 
effectively impose a downstream movement on to the intersection point and 
jump location, figure 12. 


2) The Manning coefficient held constant at 0.015 for the approach pipe and 
only varied for the test pipe. 


The general trend in these results is similar to that described above. 

The constant value of n = 0.015 for the approach pipe effectively decreases 
the entry (F & M) value for the n = 0.009 and n = 0.012 cases, comparing 
figures 21 and 22. Hence the jump position would be expected to move 
upstream, as is demonstrated by the results. For the n = 0.018 case, the 
approach pipe effectively has a reduced n value and hence the terminal 

(F & M) value is increased and the jump position should move downstream. 
Again the results confirm this. 


All the results discussed above were obtained with the assumption that terminal 
conditions had been achieved in the approach pipe and that the flow downstream 
of the jump could be considered uniform, i.e., the depth was equal to the 
normal flow depth defined previously. This assumption was necessary if any 
order was to be found in the results produced by the computer program. The 
program however was capable of producing jump location for any combination of 
pipe lengths, slopes and roughness coefficients. 


Appendix 10 presents the full program output for a given set of pipe lengths 
and slopes. This output may also be used to justify the normal flow depth 
assumption downstream of the jump, as 95 percent of normal depth is achieved in 
some 20 pipe diameters. The output also presents the water surface profiles in 
the approach pipe and upstream of the jump in the test pipe. 


Appendix 11 contains the full print out of the program HYDJUMP employed to 
generate these results and the control data necessary to vary the format of the 


data output and control the assumptions made in the calculations. 


Similarly Appendix 12 presents the program HYDSUM employed to produce the 
tabular guides to jump formation summarized in table l. 
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Die CONCLUSIONS AND FURTHER WORK 


The objective of this study was the development and testing of a : 
computer program capable of predicting the location of a hydraulic jump 
following a change in slope in an open channel or partially filled pipe. 


The program HYDJUMP presented has been shown to be capable of jump prediction 
based on the assumptions inherent in the application of gradually varied flow 
analysis. 


An extensive range of program test conditions were considered within the limits 
set by parameter values encountered in building drainage system design. 


It was found possible to explain the movement of jump location with such 
parameters as flow rate, pipe slope, and roughness in terms of the criteria 
determining jump formation in near horizontal channels. 


Although a considerable body of literature exists on hydraulic jump formation 

in civil engineering style open channels,no comparable study was found employing 
the parameter values presented. Similarly the majority of the available 
literature referred to straight sided open channels rather than to partially 
filled pipes of small diameter. All analytical solutions were restricted to 

the simplest rectangular section channels due to the complexity introduced by 
the depth to area and centroid position funcitons in non-rectangular sections. 


The computer program,as included,has been designed to deal with rectangular or 
circular section channels. Extension to other shapes requires only that the 
shape functions be introduced into the two main subroutines, BOUND and CALC, 
and that the range of control values assigned to the control variable SHAPE be 
extended accordingly. 


It is felt that the next stage in this study should be an experimental phase 
designed to compare the predictions from HYDJUMP with laboratory observations, 
incorporating modified assumptions where necessary. The loss at the pipe slope 
change, although incorporated in the program for future use, has not been 
investigated as to do so without laboratory test backing would be of little 
value. 


As a result of the computer study, several boundary conditions that govern the 
formation of a jump were identified. As an aid to future work these boundary 
conditions were incorporated into a program HYDSUM, also presented, that 
enables the probability of jump formation to be assumed prior to running the 
more time consuming HYDJUMP to determine its location. The predictions of 
HYDSUM could also be used in designing a laboratory test series. 
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Figure 1. Derivation of Chezy equation for steady uniform flow. 
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Figure 2, Relationship between specific energy and flow depth, illustrating 
alternate rapid or tranquil flow regimes. 


18) 


y section being equal 


analysis based on head loss at an 


Gradually varied flow, 
to Manning loss prediction, where 


pth profile model. 


Figure 3. Representation of the gradually varied flow de 
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2. Calculation proceeds downstream from A to give profile hg < h < hj; 
h at A taken as intitial condition. 


3. Calculation proceeds upstream from X to give profile ho S10 S as 
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Figure 4. Schematic representation of numerical integration to determine 
water surface profile. 
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Figure 5. Control depths employed in determining water surface profiles 
upstream and downstream of a pipe slope change. 
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Figure 6. Forces acting at the jump location in a horizontal, or near 
horizontal channel. 
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Figure 8. Water surface profiles and associated (F+M) profiles employed to 
position hydraulic jump. 
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Figure 9. Conditions governing jump formation. 


30 


depth 


critreak deeth 


ha 
Ae VS & 


hala 


e 


(help, 
Normal deeth ne No (CQ, Sin ©,) 


F+u (Fam). 


(F+™), 


4 
( SON 


’ CeO, sin 6, or Sin 0, 


Note if (F+M), > (F+M)g or c, jump drowned at L=0. 
if (Ft), < (F+) 8 or c> jump possible. 
= (in) A < (hy jump impossible. 
n’A > D, full backflow. 


Figure 10. Tests employed to determine the possibility of jump formation. 
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Figure ll. Schematic representation of jump boundary conditions. 


32 


ram 


ip 


D 


Watar gurtace 
- CB 


SS 


7 Water surface 
= Bec 


be 


Figure 12. Schematic representation of jump position identification technique 


employed. 
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Figure 14. Variation of (F+M) term with pipe slope and flow rate. D = 0.15, 
n = 0.015. 
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sin 8, 


Figure 18. Jump position in a rectangular channel, width 0.15 m, slope 1/200, 
as a function of flow rate and approach pipe slope. 
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Note curves do not pass through L = 0. 


Figure 19. Pipe diameter effect at Q = 1(1/s) 05 = sin! (0.005), Manning 
coefficient = 0.015. 
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Note curves do not pass through L/W = 0. 


sin (0.005), Manning 


Figure 20. Channel width effect at Q = 1(1/s) 85 
coefficient = 0.015. 
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Figure 21. Effect of Manning coefficient n on jump location in a pipe at 1/300 
with a flow rate of 6 (1/s). Pipe 0.15 m diameter. 
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Figure 22. Manning coefficient effect. Note: 
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Table.3. 


Schematic of Tabulated Jump Boundary Conditions. 
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APPENDIX 1 
JUMP LOCATION IN A 0.075 m DIAMETER PIPE, 


MANNING COEFFICIENT 0.015, AT SLOPES 1/40, 1/80, 1/100, 1/200 
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APPENDIX 2 
JUMP LOCATION IN A 0.10 m DIAMETER PIPE, 
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APPENDIX 3 
JUMP LOCATION IN A 0.15 m DIAMETER PIPE, 
MANNING COEFFICIENT 0.015, AT SLOPES 


Om BOM 1008 119/150 41)/20050 1/300) 1/400. 1/600 


ASa 


Tz2€°O 902°O 800°C B€O0°Q 8E9°O0 900°C 1€0°0 G70°0 T62°O ¥O°O T20°D TEN°O £70°0 99N0°D ¥¥I°O T70°O &YE0°O GIO°O SI°0 0O°1 
125°0 269°T 000°0 S60°O $50°O 200°C 4%40°O 9F0°0 2€6°! 99°0 6z0°0 %50°O 1%0°O 9900°U G99°O 620°C 6¥ED°O STO°O GI°O O°2 
268°O 2O0T°Y 900°C akO°O O89°0 zio°a £E9C°C 160°C B8OL°% 6GO°G T%0°0 £90°O 260°C 99N0°0 S60°O T40°D 4€0°O GTO°0 STI°SG O°4% 
226°C €246°9 000°C OBGT°O FOT°O® BIO°G CKO°O Z90°O SOR°L ZTI°C S60°O ORD°O T20°H 99N0°O BII°O 060°O &%E0°D SGIB°O0 GI°0 0°9 


£98°O ¥B7°OTTOOD°O- 6YF°O OA2I°OB L20°C 8960°O D2N°O JES°TIHI°D 660°0 960°O 780° 99COC°O RET°I 6560°O 64£0°O SIO0°O St°O O°8 


°3dTd ASIA NI DHOWH SV FIGISSCIUT AwNe 820°O R20°O DOTO°O ¥FO°O TZ0°O G¥EO°D GIO°O GI°O O°T 

°“3IdEd ASBBR WE BDHONH SV SIHISSOGUI June 6£0°O ©C40°O O00TO°O S9I0°D 620°O b¥E0°O GIO°O GI°O O°2 
| 

°3d¥d ASDR WE DHOWH SV JIETSSOdUT Awne £60°O £640°O0 OO0YO°O S60°O T%¥0°O LVEO°O STO°O GT°O O°% 


€EC°2 G62°9 100°C 860°O 8630°0 O00°G T2ZO°O 12O0°O %6B°2L ZI°O YS6O°HD 120°D TZO°C COVO°O BII°D BS0°O BYEO°O SIO°A GST°O O°9 


226°T G92°S 100°O STTI°O GET°® 00°C YHO°O OFOTO DJEX°ITVI°O 660°0 %89°O 780° DOTO°O BEI°V 650°O t¥£0°O SIO°O ST°O O°8 


°3d3d 2S3R NE JHONH S¥ IIGISSCaWT aWAT 9Z0°O BZ0°O SZT0°O ¥¥9°D TZO°O E¥ED°O STO°O ST°O O°1 
°3dId AS3R NE DHONH SV J78ISSOdmwI aunr ££0°O O¥O°H GZ7T0°O $99°O 420°C E¥EO°D SIO°O ST°O O°2 
°Id1d 2578 NI JHONH S¥ STeISSCaNT dUNe €60°O 260°C GZ7T0°O $69°D T¥0°O LYE0°O STO°O SI°0 0°% 
°3d1d ASIA NI DOONH SV JTEISSCdWE aunt 299°O TZ0°O SZ10°O BIT°D 050°C 6¥ED°O STO°O S1°0 0°9 
°3dtd 2532 NI JHOWH SV JTEISSOdWE aWne 6£0°O 280°0 SZT0°G SET°O 6S0°O b¥ED°O STO°O ST°O 0°8 
°3dId 2532 NI JHONH S¥ JIGISSCdWT aUNT 279°O F20°0 067070 4¥0°O TZ0°O E¥EO*O St9°O ST°0 O°1 
°4dId ASIL WE DOONH SV 3TEISSCaWY dwor 1€9°O FOO OG20°O S$90°F BZ0°O &¥EO°O STO°O SI°O O°Z 
°3did 2SIR NE DHONH S¥ 4TGISSOdWE dWnr %¥0°O £50°O 0620°O S60°D 140°O bY£0°O STO°O GI°O 0°% 
°3d1d ASIR NI DOOWM Sv Z7eISSedwI ane $S9°O TLO°C 0670°U BEI°O 050°O 6¥£0°0 SI9°O ST°O 0°9 
°3d¥d 2532 NE JHONH SV JTGISSCdHY dwne $99°O 280°0 0570°0 SET°O 650°O &4£0°O SIO°O ST°O O°8 

°wW oN | oH oid ou ow ow °N *h ow ow 

"Std o4ed FIVVHI  -N@NG deIF dD JONVHD HEddl HId3IG Wed AD>GNI Hide %A cw CES) AD4INI Ch | OONISD $9309 oH S/T 

cbAr A4NE AIIIND ATHINE ADVING H1dIDT NPCC CWNTAM AYAND AYENT AGING NH DH TMH AS 8 adaL NH | ©=-Ad9TS CNNVW CVIO oe 

“SLINSIN MVPOCHE QNVY VEVO FBdId S52 Vivd aid HovVONddY Vivo NOWNOD 


°=d¥¢ LSA AH NI dan JHA 40 AVITISNYOD HIGIG ANTES WWHON GNY iadTd HOVNdd¥ THI NJ SNOSLIINID BNTweYasL NM GQISVE SHINGSIY WHBIOUd 


A3.2 


PAYANGT BdFG PSTL FLV O=7 AV Qanrorag awnr ¥¥3°O 920° LI100°0 ¥v¥O°D T20°O FYEO°O SI9°O St°O OTT 


°AMANT DA¥G RSBL QV O=T LY GINFOHG dawnt £90°O OF¥0°O LT00°G $99°D 570°H t4E0°O STO°O GT°O O°2 
“AMULNA AVG RSIL RV O=T 4£¥ GINPOUD dune 960°O 260°O0 Z100°O S$69°0 T4¥0°O E¥ED°D GI9°O SI°O O°% 
°3did rs32 NI TIHMSTWVEST POV =uNP BINA OST°O Y2Z0°O LZINO"O FIT°O OSC°O B6%E0°O STO°O SY°O O0°9 
°3did SAL WE VINSIWVEST POTS AuOF BINA OST°O 2Z#0°O LT00°O BET°D G50°0O &¥E0°O SGI9°O St°O O° 
°AMANF BAVA ASFA FBV C27 LV CANFOWE dwnT 6E0°A FZ0°O S2Z00°0 &¥O°D TZ0°O 64E0°O STO°G ST°O O°T 
AMINA BARS OSIL FV O=71 FV GANFOYG duNnTr 260°C O80°O SZ2N0°O0 $99°O BZ0°C EYEO°D GI9°O S1°O O°2 
“AMING JAVA ASHL AV G=7 AVY GaNrFOora swne ¥eCG°O 260°0 G200°0 S63°9 T40°O 6¥E0°O SIO°O ST°O O°4% 
AYAN] Jd¥@ ASIA 2Y O=7 LY GINPOLG sunt : Z7¥T°O 120° 67200°O BIT°O OS0°O F¥EN°O STO°O ST°O 0°9 
°jdid @SIl WE GINSTIVIST POIS 3y0e BINA OST°O 280°C SZ00°0 BEE°O 650°O &49E0°O STO°O ST°O 0°86 
“AUINS 324VG OSIA LV O27 AV GANFOXC dJuNT 2EO°O 820°C OS00°O »¥0°O 170°C GYEO°O STO°O ST°O O°T 


1§80°O 906°T 400°O- 650°O €99°OR €E20°S8 ES0°O OFO°O Z2E6°T 90°O 620°9 £S9°0 [40°0 O500°H S90°O 620°O 6YE0°O STO°O St°O O°2 


°AMANI Badd ASIA BV O=7 JV G3ANKOUd AWA 226°O 260°C 0S500°O S69°O T40°O 6YEO°D SIO°O ST°O 0°% 
“AUANT 3d¥G ASTL BV O=7 AV CINFOXG AUNT TOT°O F¥2Z0°O OSTO°O BIE°O BS60°G GFE0°O SIO°O STI°O 0°9 


“AMING BSAE ASZL AV O27 AVY QINFOHA June ZET°O 7280°0 0500°O BET°O 650°0 6¥E0°O STO°O SE°O O°8 
281°O O€2°O WO°O- 6£€0°O O99°R GIO°H E€0°O ¥70°O T62°0 ¥O°O T20°9 ECEO°A PZ0°O OSN070 F¥9°D EZO°O 64€0°O STO°OD St°O O°T 
GSE°G OGZ°T YOO°O- 950°O £69°0 ET0°G 290°C %F0°D ZEB°Y 90°O &20°0 240°O GOT 0500°D $90°O 670°D 64£0°O SIO°D GI°O O°2 
PE49°N G97°%% T90°G- 280°O €99°O0 120° €90°0 £80°O BOZ°% 60°C TH0°0 690°C 260° 0ENO°O G6H0°D T#0°O 6¥E0°O SIO°O GI°O O°% 
€94°N ETS°L 200°O- EOT°O 9OT°D TENG LkNePO 260°O S6AeZ ZI°Q TS60°0 280°O T20°C QG6N0°0 BET°O OS0°O bF£0°O STO°D SE°O O°9 


142°0 BOI°TTISOO°G- G2I°O BET°O G¥O°G LZOT°C Z9N°O FZES°TTYT°G 660°C LZOT°O 780°O 0500°O BETO 6S6°O GFE0°D STO°D S1°O O°8 


"Sd oUF FINVHD NROG @GWAEAV JONVWHD HMIdHCG HEDIG Wed ADPZHA HIdIG Pw eu (KISD ADYING ow qNISD $4393 “w $41 
dwAF PHN ADAAIND ACHING ADYINI HheTG NMOC dKNFdNM AYENI AYIND ABIX NH JH Iei IS ERE BH NH 3dGTVS °NNVW “VIG °O 
“SLhINSAFA MVEOCUd GNV VEVO Jd¥d IS831 5 WVLiVI Jdid HOVDGddY ViVO NONWOD 


*SeTd LSIR PAE NT dWAF FHF 40 AVATISNYOD KEdAC FONT WweHIN Gv AdTd HIVOK dd THR NE SNOTITONID VINTHUIL NYT AISVA SLINSSY WWNIDYd 


ASS 


926° 902°0 990°G B8E0°D BES°D BOO°O TEC?O G70°O0 FT6°D GO°G ATO°H TE9°O PZO°C 9900°O 960°D 210°C £690°O STO°O SI°O O° 
86°C 269°T 3930°O0 SSG0°0 SS9°OD 200°C 84°00 DFED°O SGRZ°27 R0°0 GZ20°C %¥O°O COT 99N0°0 E89°O %Z0°C £690°O STO°0 ST°O 0°2 
Cis°y 2OT°S 190°O0 GaeO°O GHI°D ZIO°O E90H°O 160°O FE9°G 2T°O F%£0°O £90°O 260°0 9900°0 7Z1°D ¥E0°O £690°O SI0°0 SI°O O°% 
$E2Z°T €26°9 990°C OOT°O TOTI°D GBIO°A ORC°O 29E°O AAE°G GI°QO £%0°O 0F0°G TZ0°M 99N0°O EST°V 240°0 6690°O GIO°O St°0 0°9 


SCO°T YBZ7Z°9TTIO°CO- BIEF°O OBZI°D L20°0 960°0 O20°0 LHS°ETHT°O f90°0 960°0 780°0 9900°D OBT°O 690°O 6$690°O SIO°O GT°O 0°89 


°3Adid ASIA MT DWONH SV IVGISSGdwWY AWAF 879°O 820°O OOTO0°O 950°C 210°O 6690°O STO°O ST°O O° 
| 

“Jdld ASIL ME DHONW SV JTHISSE ANT AWN 6€0°O 080°O ONTO") E89°D ¥20°O &6690°O SIO°O ST°O O°2 

"IGT ASIR NWI DOONH SV JTIGISSHSL? Awe 260°C 260°0 OOTO°O Z2ZI1°D YEO°O £699°O STO°O GT°O O0°% 


€16°2 G62°9 990°0 860°C 9269°0 O600°C 20°C T20°O ARE°S GTI°O ESO°O FLZO0°O YZ0°O OOTO°O ESI°D 24%0°O &690°O SIO°O GI°G 0°9 


€CO°E GB89°S 990°C STT°O GIT°D 800°G FYRO°C OFOC°O LO9D°ETBI°O 440°0 ¥89°0 280°D0 OOTO°O O8T°D 490°0 8690°O GIO°O GI°O O°8 


°3jdid ASIA NIT DOONH SV ATGISSCAWT AWN 920°O FZ0°O GZTU°O 950°C LY0°O 6690°O SIO°O St°O OT 
“Idid ASIR WT DHONH SV AIGISSOdWI AWN 2€0°O C4%0°O G2TO°O CR9°D ¥Z0°C &6690°O SIO°O StT°O O°2 
°3did QSIL NE DWONH Sv ATEYSSC AMT ARNT €S0°O 260°C GZ2ZI0°O Z2Z1°U SE0°G &690°O0 SIO°O GT°O O°% 
°Adid ASIR MI DYONH SV FVEISSHdDHI dunt 2990°O YLZO°M G2ZTN°O ESI°O 72%0°0 G690°O STIO°O ST°O O°9 
°Adtd 2S32 WE DHOWH SV ATAISSCdYT Bune 620°O 7£0°O GZT0°O OBI°O &#0°O 6699°O SIO°O ST°O O°8 
“Jd ASIR NY DHONH SV ATHISSCdWI Awe @z0°O ®20°0 OS70°D 9S9°O 210°C £690°O SIO0°O GT°O O°1 
°3dTd 2S3AL ME DHOWH SV ATGISSCdwI dane TE9°O CHO°O OG70°0 E80°D ¥20°C &690°O SIO°O ST°O O°2 
°3did 2992 NT JHOWH SV FIFISSH dW] JUNE $¥0°O £260°0 O62C°0 221° ¥E0°O 6690°O STO°O GI°O 0°% 
°JdEd ASIR MY DOONH SV JIFTISSC AKI dwne SS6N°C ¥Z0°% OG70°U EST°O 240°C &699°O ST9°0 GT°O 0°9 
°3ddd 2S3IL WI DHONH SV JIPISSC AW dwt ¥99°O 780°0 0570°0 I8E°D 640°O 6690°O SIO0°O ST°O 0°S 

*he °N °4 ou ow oh “" ow °N oh ow ow 

“SCd oo 4es FINVHD «=NMOG @wAEdT SONVHD FECT HI1dIG Wed AWPINI HEI oo ed  CNTSD ADGING; SH CRIS) 39399 cH S/T 

eb d3AF ADFINT ADMINS ADVIVI HLeID WPCC PWATAIM AYANT AENT AYLAI NH JH 9dL TS oa NH | 3d0TS CNNVW CVIG °O 

“SRINSAIZ UvVeOled INV VAVG Add S31 TLV Fdld HoVO%ddV VAVG NOWWOD 


"2d1d LSAT YAP NT dar J3HL 49 AVIPASNING HIGIAN FAVA BRAIN ONY Ad¥d HIVOUMddVY THE NI SNUTLFINII VWANITWUIS KO GISVG SHINSIU RVEDCYd 


A3.4 


2cz°e 902°O 000° gEO°G 8E3°O0 9O00°H TEN" 670°O SIO°T 90°C FITO°H TEB"O F20°N0 9900°D £99°O 9T0°O 4¥OT°O GIB°O S1°O O°T 
€6T°T 269°T 900°O Ss0°0 SS0°d 200° %4%0°H 9£0°O GS&6S°2 o1°o 720°0 %40°O N¥O°O 99NC°O DOI°S 270°O S4OT°O STO°O S¥°O O°2 
ciect 2ZotTes 090°0 asa°o aso°d 210°O €90°O 260°0 T27°9 HI°G TWED°O €90°O 260°9 G9NC’DO B¥T°D TEO°O S¥OT°O STIO°D GI°O O°% 
681°2 €26°9 900°O OOT°O TOT°O BIO°G ORONO 290°O TeS°OIBI°G FEO°O OFH°O T20°C 99LO°O 93I°O REO°O S¥OT°O SI9°O GI°O 0°9 


SEES? YEZ°OTTID*A- BITI°O GZI°d L20°C Y9b0°O O270°O Z2e°SIZZ7°O %¥0°O 960°C 780° 9900°C GIZ2°O ¥40°O S¥OT°O SIO°O ST°O O°8 


“Add AS3IR MT DOONH SY IIWISSGdHY duns 8Z20°O FZ0°C COYO°O £230°O 9IO0°O S%OT°O STO°O St°O O°1 
“Idd 2538 NY JHONH SV JTGISSCdWI dwNF 6€0°O C¥0°O COTO°D 90E°D 220°O S4¥0T°O SI0°O St°O O°2 
°3dEd 2932 WI DHONH SV JTIGISSCAWT gune ' 260°O £560°9 GOTO°O BvEI°D TEO°O S¥OT°O STO°O SI°O O°% 


88E°E S62°9 000°C 9s60°90 860°O 000°O 20°O T2O°O TE9°OIBT°O REO°O 120°O 120°D OOIO°O IBI°D BEO°O S¥OT°O SIB°O ST°Q 0°9 


S9G°E S89°6 000°O0 SYT°O SHT°O 800°C FEO°C TEQ°O ZLH°STZZ°O S¥O0°D SRB°O 260°0 OOTC°O GIZ72°D %¥0°O S¥OT°O STO°OD St°O O° 


°Adid A2SI0 NT DHONH SV ITGISSCMPKY dwNF 9720°O #20°9 SZTO°O 299°0 FIO"°O S%OT°O STO°O ST°O OT e) 
°3dTd LSIR WE DBOOWH SV JIEISSCHWY dant 2E0°O O40°O SZT0°O BDT°O 270°0 S¥OT°O SIO°O StT°O O°2 < 
°Adid ASIA WY JDHONH SV JIGISSHdHY dwn €60°O 260°C SZT0°O BvI°O YEO°O S¥OT°O SEO°O ST°G O°F% 
“Add ASJE NY DHONH SV JVOISSHIWY DWN 290°O T20°O GZT0°O 98T°O BEO"O S¥OT°O SIO°O St°O 0°9 
°jdid ASIL NI D4DNH SV JIEISSCdkI dunt 620°C 780°0 GZI0°O 612°3 %¥O0°O S¥OT°O SIO°O St°O O°S 
°3did 29343 NI JHONH SV JIEISSCIwI Aun 220°O FZO°O O0470°O 290°3 BTO°O S¥OT°OD STO°O SF°O O°T 
°3did ASIR NI DHONH SV JTETSSCdRY dwt TEN°D T40°O OG20°0 BOT°O 220°0 SYOF°O sto°o S1°O O°2 
°JdEd ASILR NE JDHONH SV JVISShdh! AwHe %%0°O 260°C 0S70°O B¥E°O FEO°O S¥OT°OQ STO°O St°O O°F% 
“3did 2S3R NI JHONH S¥ JIGISSCAGY June GSO°G ¥20°O 0S20°0 9B8I°OD FEO°O SG¥OT°O SEB°O ST°O O°9 
°AdTd 2SIL NMI DHONH SY JICISSE MWY dwne ¥90°O@ 280°C OS70°O 61Z°3 ¥40°O SeCT°O STO°O ST°O 0°B 
°h °N od Ww bt ow ow bat | °N oh ow °4 
“SCd °He4 FINVHI NAOG SWNT dT JONVHI HICIG HIGIG Wed AD*3NI HIidIG Pw ol GNIS? ADVING °w qnISd 44393 SW Sval 
dbNe GHA ADAANI AQYINT ADHINI HidId NOC dWNTAN AYIA ANMNI AYIFZ NH 3H 3dQ 1S °daal RH 3d91S °NNVW °VIG °OD 
*SLINSI® W¥PONMd ONY Viva J3d3id §S31 VAVI 3ddd HIVONddVY VIVO NOWwWOD 


S=dle LSAL JE NE dWAT FAH 420 AV IMESNSTF HIGSO MOTVS WHHDN ONY Jdtd HIVONddY JHE NE SNCALTOND) TNEIWNIE AD GISVA SLINSIY WWAINdd 


— r : = — —— a Se = ~ —— —— 


°AMINT AATG BSIL LV O=V LY CANPOYA AWN 6e9°O P20°C LZICO°O 959°0 ZY0°O &£H9N°DO SGTO°O SI°O 0° 


PAUANT FAVS 2SFL PV O=7 JY Gsanrvrorad dwne €99°O 40°C LING°O £829°D %2Z0°O HE9O°O STO°O GT°0 0°2 
PANINI B4¥d ASTA LY O=T LV QINPOXxO AWNF 960°0 2s0°0 LZT90°O Z2Z1°D ¥EO°O b690°O GI9°O GT°O 0°% 
°43did WAL NF PIMSTVUAVESA PCW AUNlG WINS OST°O TZ0°O L£ITO"°O EST°D 24¥0°0 &690°O SIO°O SI°O 0°9 
°4did Q2S32 NE TVINSTIVVAIS? POI’, 2y0F WING OST°O 78O0°O L100°O OBTI°D 690°O 6690°O GI0°O ST°O 0°8 


60°) 6569°O 6910°G0- £90°O G6Y5°O OcC°C GEO°O GIG°O PI6°O SO°O RTI0°O GEDTO P20°9 G2ZNDO°D 960°C ZT0°O 6690°O STO°O SI°O O° 
€€2°0 029°2 290°O0- 290°O G20°OR 620°O0 L260°H £70°O GA2°2 80°C G20°O 250°0 O%0°O G7200°0 €380°0 ¥20°0 €690°O STO°O ST°O O°2 
€G2°O EC6T°S GTO°Q- 260°0 #0T°O 240°G Fe0°C 2F0°O 9E9O"G ZI°G FEOTN FEH°O L2GO°C GZ200°O 22T°O ¥EO°O £690°O STO°O GT°O O°% 
“AYLNA BATF Q2SIL AV O=T LV Gjnveora Awne 2TT°O T2O0°O SZNO°O EGT°D 240°O 6E90°O SIO°O GI°O 0°9 

°3d¥d OSIL NB TST IVESI POIA AWG BING OSTI°O 780°O GS200°O 081°O 640°0 &6690°O SIO°O ST°O 0° 

$E€2°C GS62°O EGO0°O- 190°O %%9°O GEO°G ECE T70°O PT6°C SO°O 410° 2EG°O RZO0°O OSNO"D 3969°D 2T0°O &690°O STO°O ST°O O° 
Wye 906°T $00°0=- 660°0 €99°O E2O°O £ES0°OC OFGO°O SBZ°Z BO°R G620°O €S0°D BYO°N OGLO°D E899°D H20°0 6690°O SIO°O SE°O O°2 
6E9°D ZTL2°% 200°0- 280°O %69°O YVYEO°G L20°F 140°O GED"SG ZI°O FED°O 220°O 250°0 OS00°H 2ZT°O ¥€0°C 6690°O STO°O GT°O O°% 
216°O GOF°S EYO°O— 2IT°O SZt°dO 260°Q WOO BFO°D BRE°S GEI°L EC4O°O TOT°O T2Z0°O OGNO"°DO EGT°O 2%0°O 6690°O SIO°O ST°O 0°9 
AVANT DAVES 25390 BV O=7 AV GINFOrG gwne ZETPO 280°O OG00°O O8E°D 6Y0°O 6690°O STO°O St°O 0°S 

926°C O0E2°O TOd°0- G6EB°O OF9°O O10°A@ EEO°O ¥70°O BY6°0 GSO°C FTIO°D EFD°O ©720°O OGN0°O 950°O ZY0°O 6690°O SI0°O ST°G O° 
Go2°N OG2°E W20°0- 9G0°O £609°9 ETO°O £490°C %FO°O GAZ7°2? BO°O G70°0 240°O H4Y0°0 GG00°D0 £80°OD %70°O 6690°O SI0°O ST°O O°2 
TET°T G697°% TO0°O- 260°H €89°O TZG°R 690°C 240°O FE9°SG ZT°D %€0°0 699°9 260°0 OGN90°O 22T°D %€0°O 6690°O SIO°O GT°O O°4% 
€E2°T ETEPL 290°9- E€OT°O BOT°OD TEO°O LRO°O £60°O PLES GEC £40°0 2°0°0 T20°9 OG00"D EST°O 240°O 6690°0 STO°O GT°O O°9 


26U°T BOD°TISAOD°Q— GZT°O OET°O G¥O°G LOT°C Ze0°O LHO°EIGY°O 490°0 LOT°O Z760°0 0600°0 0391°9 HF0°O &6690°O STO°O ST°O O°8 


“SCd °MOs JINVHI WEOG dINF AV JOVVHD FIdIG HIAIG Wes ABVINFA HIAIG Pw ba] GNIS) ADYINI Pw CNIS) 49399 “wh =6$ 49 
dunr dHAF ADAINI ABMIND ADAINI HOdsT NRUC dUNTAM AMLWA AYLKI ABINS NH 3H 3AOTS 98M 49R RH JA¢OTS °NNVW “VIG °O 
| 
“ShINSIA avegaNdd GNV VWAVG JIeid IS451 Vivd 3Idld HOVONddV VivVd NCHWOD 


*>dTe 2S3L FAL NE dWAF JHE 40 AV IYPESNSH A BEIT MOVE TWRYON ONY Gc Pd HIVONddY THE MY SSCITLTINGD VNIWUSL AQ DISVT SRLINSIY RVLOOUd 


A3.5 


SE0°% 496°O ETO°O- 9#0°O 650° &£20°0 $4#0°0 210°O StO°1t 90°Q 10°00 40°0 fF20°9 LINCO"O 299°O0 FIO°O S4¥0T°O STO°O GT°O O°T 
€T1°c 9eEre? STO°O- 290°C FARB°D GEOTO F9OTC H7N°O SSG"? OI°O 220°0 €£90°O CHOTT ZICC°O O9T°9 ZZ0°O SH¥OT°O STIO°O SG1°O O°2 
CEO°O 66T°D O¥O°O—- TOV°O THT°RB #90°Q FE0°C ZFOTO FRZ°9 FT°O TYEO"D 960°O 260°C L£100°O 9¥1°D TEO°O S4¥0T°O STO°O S1°O 0°% 

°3did S32 NE VWINSTWVISI POWs Fyre BINA OST°O T20°D LZ100°O 9BI°D BEO°O SHOT°O SIO"°O St°O 0°9 

*adid W832 NE TINSPWVISI PC IA 2Uune WIAA OGT°O 280°O LINO°O B61Z°O F40°O S¥OT°O SIO°O ST°O 0°8 
£1Z2°" 669°O S90°C- €90°0 6¢9°O OGz20°O ¢€O°C BIO°D STO"T 90°C FITO°C 6ED°O R2Z0°H SZ29O°O 299°O3 BTIO°O S4OT°O GSIO°O ST°O O°T 
FCS°O O29°2 FAB°G- 290°C G29°0 620° L60°C 220°0 SSG°2 Oreo 720°O 260°0 C¥0°O SZ200°O OOT°O FZ0°O S¥OT°O SI9°O St°O 0°2 
SES" EGT°S STO°0- 260°O 20T°O L£40°R FR0°S ZED°O T22°9 HI°O FEO°H 4RO°D 260°0 S200°O B¥T°O FEO°O ©40OT°O SGIO°O GSt°O O°4% 
28€°O TIS°S TEG°O— TZE°O ZSEI°O G20°O Z2IEI°O 240°O TA9°OTAT°O REO°H ZTT°O T20°O GZ00°O 9BI°V BEO°O S4¥0T°D STO°O ST°O 0°9 

°adid S32 WE GIH4STWeVES3 PCW Fane WINS OST°O 280°0 GZ00°0 617°O %40°O S¥OT°O STO°O GI°O 0°@ 
TSE°0 S62°O £90°0- 180°O %%0°O 910° L£E0°C T20°O SIO°T 90°O FTO°0 2E0°D 820°0 O590°0 290°D 9T0°O S¥OT°O STO°O ST°O O°T 
£69°C 906°T %00°0- 660°9 €90°O E£20°Q ES0°O OFO0°O G6GE°2 OI°O0 720°0 £50°O N40°O 0690°O BOE°G 270°O S¥OT°O STO°O SI°O O°2 
E2é°Q ZEL2°% L200°0- £290°0 %69°O0 9E0°R@ L20°OQ F#0°O T4Z2°9 HI°A TE9°D £20°O £60°0 0590°CG B¥I°D TEO°O C¥OT°O STO°O St°O O°F% 
9S6°9 6OE°S ETO°O- 2TI°O GZI°O 2S0°D TOT°O B8&O°O TE9°QETBI°O BEOTD LOTTO 120°C OSN0°O 9BT°O BEO°O S¥OT°O STO°O ST°O O°9 
$8>°C ODIIP-ETZED°O— S4T°D FAI°HO ECHO°G CET°O 640°O CZ2¥°SGI22°O $¥O°0 ZET°O z80°0 0S06°O &12°9 ¥40°O S¥OT°O STO°O St°O 0°@ 
€S66°Q OEZ°O T0B°O- GEO°O O99°O O10°0 FEOTS ¥70°O STO°T 90°C FIOTN EENPO PcO°E 0500°0 2£93°O 9TO0°O S¥OT°O STO°O ST°O O°T 
€S6°D OG2°T T00°O- 960°90 250°0 ETO°G 240°C ¥F0°O GSS6E6°2 O1°O 720°0 2%0°0 040°0 0500°O BOT°D 2Z20°O S¥OT°O STO°O ST°O O°2 
S25°T G97°%% TOHQ°O- Z2F0°O E£B9°O 20°50 490°C £240°O T£Z7°9 S1°D TE0°70 690° 260°D O500°N B¥I°D TEO°O S4OT°O STO°O SI°O O°% 
G69°T ETE°L 72900°O- ENT°9 GOT°D TEOTO LROSE 2cH°O TRV°OTeT°n FE0°0 2PN°O TW20°O OGNO°O 9BT°O BE0°O S¥OT°O STO°O ST°O 0°9 


C89°T BON°TYSOOSN- S7T°O OET°O S¥O0°CR LOTSO 290°O 224°GTZZ2°O «48070 2ZO0T°O 780°0 OG00°0 412°O %40°O S¥OT°O STO°O ST°O O°B 


“Std ced FINVHI NEOO @WITdT JONVHD HIGIC HEdIG Wes ADKARF HAdiG Pw ° bl CNIS) ADZINI ow CNIS) 48399 *w S47 
dRAF A4NF RADAINA ADMINT ADFINGI HEAIT KKCE aWOFdN AYING APRA AaIMA NH 3H IG 1S “4950 NH 3dOTVS °NNVW “VIG °C 
*SLINSI2 AvVrOCUd CNV VAIVT Ad¥d L835 ViVI 3Adid HOVCAddY VWiYO NOWNOD 


"ce LSIL SAL NE AWA SHR 49 SVP ISNATD HLEIE HOTA TRYIN GUNY Feld HIV PdY THE NE SXUGLEVG3ID WNTRYIT AD GISVS SLINSIB NYS 


A3.7 


<€6°O 902°0 199°C VEO°O BEI°O GO0°H TEO°O G2N°O T22°T BD°C FIO°O 1EN°O FZ0°0 99N0°O 290°O STIO°O GEZT°O GTO°O GI°O O°1 
21$°T 269°T 190°O SS0°O SS53°O L£00°O 80°F 9FO°O GIH°2 ZT°O A20°O ¥4¥0°O f4¥0°0 9900°0 TET°D 9270°O GELT°O SI9°O GT°O O°2 
€E€T°2 2OT°’SY GDI°G ARA°D O89°0 Z2IO0°O E9C°L 160°O T9E°L GI°O 820°O €90°0 260° 9900°O S6T°D 220°0 GELZT°O SI9°O GT°O O°% 
€69°2 €25°9 TOO0°O- GOI°O TOT°O 8tIO°G CBO°C 290°D He¥°Z7THZ2°O %£0°D ORO°O TZ0°N 9900°D 9¥2°O EENPO GELZT°O STO°O ST°O 0°9 


€Ge°2 SR”°OTTOIO°O- GIT°O O2I°O L20°G YENH°C OL0°O EOI°KTEZ°O 6£0°0 960°0 7TH0°O 9900°0 962°0 6€0°O SELT°O STO°O St°O O°8 


°3d1d ASIA NI DHOWH SV ITEISSCdKE sun @Z0°O P20°D COTC°O 280°O ¥TO°O YELT°O STO°O ST°O O°T 

°3dtd ASTD NE JHONH S¥ 37ISSCdLT dune 6£0°O OF0°0 OOTO°O TET°O 020°O 9ELT°O STOO ST°O 0°2 
| 

°3d1d 2S32 NE JHONH Sv 37GISSE db? dune £60°O 260°C OOTO°O SoI°O £Z0°O YELT°O STO°O ST°O O°% 


858°C S62°9 100°0 9860°O 863°O 000°O O° 120°O GE¥°ZI¥Z°O %£0°O 120°O T20°0 OOTO"O P¥UZ°D EEO°U SELZT°O STO°O SE°O 0°9 


221° G89°S 990°C STI°O GSII°O YOO°G YRO°C TRO°O LCOT°RIBZ°C FE0°O ¥80°O 7B0°0 COTO°O 062°O &E0°O 9ELT°O GTIO°O GT°O O°2 


°3d1d ASIR NY DHONH SV JTPISSCdWT AUNT 929°0 @Z0°O SZIG°O 230°O ¥I0°O GELZT°O STO°O ST°O O°! 
°3did 2532 NI JHOWH SY JISISSCawT dune LE0°O M49O°C GZTO°O TET°O 020°O 9ELT°O STOO SI°O O°2 
°3did ASIA NET DHONH S¥ JTGTSSC aw! aunt ES0°O 260°C GZ10°O S6T°O 220°0 9ELZT°O STO°O SI°O O°%- 
°3d1d ASIA NT D4OONH SV JTEISSCaWE ane £90°O YZ0°O GSZTO°O 9¥2°0 ELO°O 9ELT°O STOO SI°O 0°9 
°3dId ASIR NE DHONH SV JTEISSCdWI dhe 629°O 780°O0 SZIG°O 062°O 6£0°O SEZT°O ST9°O S1°O O°8 
°3d1é 2592 NT JHONH SV JVETSSOdHE ane 220°O FZ0°O 0570°O £80°9 ¥10°O GELT°O STO°O GT°O O°T 
°3did ASIA NE JHONH S¥ FIEISSOdbE dane TEOPO 7HO°N OGZ20°0 TET°D 020°O 9ELZT°O STO°O SI°O 0°2 
°3d1d 25392 NE JHOWH SV 37GTSSCduT dune %49°O 260°C 0520°D S61°O £20°O SELT°O STO°O S1°0 O°% 
°3d0d 2534 NI JHONH SV ITGISSHaWY AWN S60°O TZ0°O 0G20°0 9¥Z°D EEO°O GELT°O GTO°O ST°O 0°9 
°4did ASIL NY D4ONH SV 3TBISSCdkT aunt 499°O 2f0°0 0570°O 062°O GE0°O 9EZT°O STO°O GT°O 0°8 

° oN °4 “iu ou ow ow ou Ny ou °l °id 

"Std 9499 TONVHI = =NMOG dd Idd JONVHD HId3C HEd3ID Wes AD*INT HIGIG ow °W  GNESD ADSINS oH OONTSD 49999 ow OST 

dhe ddOF ROAIND AQVINT ADGIVI HIdtT AHCO aWAEdM AWK APIN? ABISD Ne OH 44h 1S SASL NH = -3d01S CNNVW °VIG °c 

oS2-NSA4 aVEOOMG CNY Viva adld JS34 viva ddld HOVeNddY VAVO NOWNOD 


SSdTe ISTL FYE NT ddA JHk 49 47941594090 BNI O74 WHPON ONY JdT dé HIVOMedY FHL NT SNOPATIN ID VNTweIs ND GISVG SLINGSIA BVUICUd 


A3.8 


2@2°0 4R4°O ELOTO- 940°O0 659°D 220°0 $4070 ZTO°O T2Z°T BOO S%10°S 4400 A20°O ZINO°O 299°) ¥IO°O GEZT°O S10°O SI°O O° 
22€°O 9BETZ 41T0°0- 290°9 980°D GE0°O E90°M ¥70°O GIHTZ ZI°O 020°D £90°O O40°N LZTNO°O TET°O O20°O GSELT°O GIO°O GI°O O°2 
EGETO G6T°9 WHITO- TOTO THT°O %90°O SECO ZF0TO T9ETL GT°O AZO°O 960°0 250°O LIN0°0 S6T°O L270°O SELT°O ST0°0 ST°O O°% 
°3did ASIA NE JIHSETEVES3 POIs 2une VIN OGT*O TZ0°O Z1C0°0 9¥2°0 EE0°O GELZT°O STO°O SI°O 0°9 
°§did ESI2 NE TINSTTeVESa POTS JUNG TWINS 0ST°O 780°C ZIN0°0 067Z°O H€0°O YEZT°O STO°O ST°O O°8 
9C4°C 669°O SI0°0- E40°O 6¥0°O O29°0 GEOTC GIO°O TZZ°T BOC 4FTO°O GEDTD AZO°O SZ00°O 280°0 ¥10°O SELT°O ST9°O SI°O O° 
E19°O O£9°Z HOD"G- 290°O O20°O 670° L60°O £20°0 GIG°Z ZI°0 920°O £60°O H40°O S200°0 TEI°O OZ0°O YELT°O STO°O ST°0 0°72 
9€8°O E6T°S STO°G- 260°O 20T°O 240°R SB0°" £E0°O B9ETL GT°O £20°O ¥BO°D 260°0 S200°0 S6T°O 220°O SELZT°O STO°O ST°O O°% 
GEETN TIS YEOTO- EZT°O ZST°O O20°O ZIT°C 240°O GHS°ZTHZ-=0 4070 ZIT°O TL0°D S200°0 9¥z°O EF0°O SELT*O STO°O SI°0 0°9 
°3did OS32 NE GIST VEVEIS] POIs 3¥cR TINS OST°O 280°0 GZ00°0 062°O G£0°O YELT°O SIO°O ST°O O°F 
ESS°0 S62°O €00°0- 190°O %99°O 910°O ZE0°H 170°O TZZ°T B0°O %10°O LZE0°O P70°H OGN0°0 280°O ¥10°O SELT°O ST0°O0 ST°O O°1 
268°C 906°T ¥00°0- 650°0 €90°O €20°0 ES0°O OFO°O 6IG°Z ZI°O 020°O £50°D N40°0 0500°O TET°O 0Z0°O YELT°O SIO°O ST°O O°2 
ZEZ°T ZT2°%% 2O0°0- £90°O ¥60°O YEDTG 220° 140°D T9ETL BETO 820°0 £L0°D 250°N 0600°O S6T°O 220°O 9ELZT°O STO°O ST°O O°% 
E1S°T GOES ELA°O- 2UE°O GZT°D 260°O0 101°O @80°O 668°Z1¥2°G E09 TOT°O TZ20°O 0500°O 9¥2°O EEO°O YELT°O STO°O ST°O 0°9 
TREO ODAPETLED*O- ¥4T°O EST°D ERO°G ZET°O 640°O EOT°HIGZ°O 6EO°M ZET°O 780°O O500°O 06Z2°0 bE0°O SELT°O STO°O ST°O O°8 
G¥2°0 DEZ°O T09°0- GE0°D 090°O O10°O EEOTO ¥70°O TZZ°T BO°O FIOM ELD°O FZO°N O500°0 £90°O ¥10°O YELT°O STO°O ST°O O°1 
TST°T OGZ°E YOO°O- 960°O 259°O ETO°O 240°O ¥F0°O BI6°2 ZE°O OZ0°O 24N°O O¥O°O 0400°0 FET°O 070°O SELZT°O STO°O ST°O O°2 
762°T S97%% TOQ°O- ZAO°0 €89°O 120°C 690°0 £40°0 T9ESZ GI°O P20°O 690°O £60°0 0400°0 S61°0 £20°0 YELT°O STO°O ST°O O°% 
C4T°Z ETE°L 200°0- EMI°O FOT°O TEO"G L070 260°O G64%°ZT¥Z°O %E0°0 280°O TL0°0 0500°0 9¥2°O EEO°O SEZT°O STO°O ST°O O°9 
812°2 BON"TTSOO°O- SZT°D DET°D SHO°O LOT Z00°D EOTSRIGZ°O 6£0°O LOT°O 780° D500" I62°9 HEO°O GELT°O STO°O ST°O O°8 
°W oN od oid md ow ow a) oN “be oh ow 
“SCd  °H*d FONVHI «=-NMOG dWITdI JONVHD HId3C HIGID Wes ADYGNF HAd30 Mo cw oO CNTSD ADHINT «SW OENTSD 393990 tH OST 

dWNF dWAF ADFINT ADBINT ADIT HLT NKGC MUATAM AMLNT AXING AYLI NH 34 5dNIS °449L NH 4d0TS SNNYW SVIG °C 
*SLINSI? WVTOCUE ONY VEVO Jdid ES91 aia) Sere HOVONddY YLVO NOWWOD 

"-eTd LSTE FAL NY ddQr AME 40 40 aK LSNEDD Badan MOTE TWEYON CNN seTe BINGO ddd CHL NT SNOTLEINDD VINIWYTE NA DISVA SLINGIN wYLOHS 


A3.9 


60°T 902°O0 190°O BEO°O BED°D FBOO°G TEC°C G7O0°O T¥G°T ET°E 2T0°OH TEI°O 220°C 9900°O S2T°O ZI6°O 2U¥E°O GIO°O GTI°O O°! 
€69°T 269°C 900°O Sc0°O SS9°9 L00°C 440°C DFO°O T79°E BI°O L2I9°D ¥¥9°O CKO°O 9900°0 GOI°O ZT0°O 20%E°O GIO°O GI°O 0°2 
1e9°2 LOT°S 000°C JO8G°O O89°R0 ecI0°G £90°0 260°0 TeE°S 62°O €£20°O €90°0 £260°0 9900°U0 2@2°O £20°O ¢4O%¥E°O GIO°O GI°O0 O°4% 
$aT°E €26°9 900°C OOT°O FOT°D BIO°G CHO°O 29C°D 9I9°GIDE°EC R20°O ORO?O TZ0°C 99N0°A OLE°O 8Z0°O ZOSE°O GTO°O GT°O O°9 


2CG°E YBZ°OTTIOD°O— GTI°O B2T°O9 L£20°0 YEO°G OL0°O YBG°ZZE¥°D FCEO°O 960°O 7£0°0 9$900°O L2E¥°D EEO°O ZO%E°O GIO°O GI°O0 O° 


Idd ASIA NI DHONH SV JITIEGISSHhIHI dune BZ79°O 220°O OOTO°O B21°O ZTO°O ZOSE°D GIO°O GTI°O O°1 
°3d1d AS3BR WE JDHONH S¥ JIGISSCHRY dwar 6f£0°C OFYO°O ODTO°D SOI°O ZI0°O 2O%E°O GIO°O GI°O O°2 
“Aidld AS3HR NE DHONH S¥ JTIAISSHART AWN 269°O £60°O0 OOTO°S 2o2°O E20°O 2ZO%E°D SIO°O GI°O O°% 


CEE°S G62°9 000°O 860°O 860°O O00°G TZC°O T2O°O 999°GTI9FEC A20°H 120°O 120°O OOTO°O OLZE°O B820°O <O%¥E°O SI0°O GI°0 0°9 


CS2°% GB8A°S 090°9 SGFY°O GET°O €00°O YBO°C TPO°O SRG°2ZE4°OQ ELO°D 4RO°D Z2B80°O OOTO°D LEY°D ELEO°O CO%E°O GI0°O GI°O O°8 


°3did 2S32 WI DHONH S¥ JTGISSCawE awne 929°O 8Z0°T SZT0°0 BZI°O ZTO°O ZOSE°O STO°O ST°O O°! 
°4did AS32 NY DHOWH SV JTPISSCawWI dwn ZE0°O 040°O SZT0°0 S6E°D ZTO°O 20%E°O STO°O ST°O O°2 
°3did ASIZ NEI DHOWN SU 37EISSHdWI aunt ES0°O £50°O GZ2T0°0 262°O E20°O ZO¥E°O STO°O ST°O O°% 
°3dId 2532 NE DHOWH S¥ JIGISSraws dunt £90°O T20°O SZ10°O OLE°D BZ0°O ZO%E°O STO°O SI°O 0°9 
°idid 2SI2 WE DHOWH S¥ JT@ISSCARI dwne 6£9°O Z780°0 SZT0°O LE¥°O ELO°O <O¥E°O STO°O ST°O O°8 
°Idid ASIR WE JHOWH S¥ JTGISSl wT dunt ZZ0°O RZO°O 0S20°0 GZI°G ZTO°O ZO%E°O STOO ST°O O°1 
°3d1d AS32 NT DHOWH Sw J7AISSCaWI dune TEO°O C40°O 0570°O S6I°D LZTO°O ZO¥E°O STO°O ST°O O°2 
°adid ASI NT DHONH SY J7EISSEdwT dwne ¥¥0°O £50°O 0520°O 262°) EZ0°O ZO%E°O STO°O ST°O 0°% 
°3dId 2532 NI JHONH SV ATAISSE awd dWnT GS60°O YZ0°0 OS70°O OLE°D AZO°O ZO%E°O STO°O ST°O 0°9 
°adid 2532 NE DHONM SV FTATSStawl dawns %90°O 780°C 0570°0 LE¥°O ELO°O ZC4E°O STO°C ST°O O°8 
°W oN “ld ow wid ow a ou oN *h oi °id 
°Std °He4d TONVHI = ONMOG dwIFdA FONVHD HIdd0 HEd3Q Wed AD*3NF HIdIG ow eH MES) ADSIND CW ONES) $9399 oH S/T 
diNr dWQF ADAINT ATYINZ ADVING HLGII NKOF dWOTAN AMLNZ APENI AYEKA NH JH 9a01S PANS UNH “3601S “NVM! “VIO 0 
“SLINSI® WVUINYS ONY VIVA 3did 2S3! VLVG Idid HOVONddY Vivd NOWWOD 


°=d¥e ISFIL FHL WE SWAT JHE AD ATIMASNSLM HIAIP BCVA TRHON ONY Id¥d HIVOMdAY THE NF SPE FATINID VNERUTL AD GISVH SLINGIY wWHUOTUd 


A3.10 


CT¥°O B86°O CTA°A- 990°0 659°D 220°Q F4O°O 2ZIN°O THS°T ET°C 7I0°O ¥4¥0°O AZ20°°O Z2I9N0°O SZ21°O 210°C 2USE°O SGIO°0 GT°O O° 
65°" 9BE°S STO°A- 290°O0 9B9°O GEDTO E9CTO ¥7EO°O T29°E BI°O LZTO0°O £90°O O40°O 2T0G°0 GHI°D £10°O CO%E°O GIO°O GSI°O O°Z 
928°Q 66T°9 990°O- TOT°O THt°d® $90°C JEON ZFO°O THE°6 62°OQ E20°O 960°O 260°0 2ZIN0TU 262°O EZO°O ZOSE°O GT9O°D ST°0 O°% 

°3d¥d FSIL NI GIMST WAVES? POW Sune Wins OGT°Q TZO°N LZIDC"O OZE°O 820°C Z2ZO%E°O GIO°O GI°O 0°9 

°3did FSAIl ME DINSTVWVLST POWs 2ucR WING OST°O 280°C LING*O LZE¥°D EEO°O ZO%E°O SI9°O ST°O O°8 
€66°9 669°9 S00°O- E80°O 690°O O20°C GE0°O GYIO°O THS°T ET°Q 2710°O 6€0°0 ©20°0 G700°O B2t°@ ZI0°O ZD¥E°O SIO°O Gt°O O° 
9e8°9 G20°2 I00°0- 296°O O20°O0 620°C 260°C 270°O T29°E BI°O £10°0 260°O G8O°N GZNC°O SeI°0 eto°o Z0SE°O GTO°O GT°O O°2 
7EEPT EC6T°S GTA°G- 260°O L20T°R L40°C FBO°C ZE0°O THE°H 62°O EZ20°N ¥RO°O £60°0 GZ00°O 262° EZ0°C ZOSE°O GIO°O GST°O 0°4% 
2S€°Y TESS TEO°O— 127°9 2St°O O020°0 Z2IT°0 z4$0°0 999°GI9E°O §=820°O ZTI°O T£0°O G2N0°O OLE 920°0 ZO%E°O STO°O ST°O 0°9 

°Idid OSIH NE TINSTUOVEST POTS 2xfR Ww OST°O 780°0 G200°O LZE¥°O ELO0°O 2D¥E°O SI9°O ST°O O°8 
€492°O S62°O £90°G- T80°O %40°OR 9T0°Q LEO°E T70°O THG°T EI°H 710°O 2E0°O 220°C OG600°D 621° ZT0°O ZOSE°O STO°O SI°O O°T 
BELEaL 906°T %00°0- 660°C €99°0 E29°G ESGO°C OFO°O TZ9°E B1°O LIO°U EGN°O CYO°O O500°O 5S61°O ZT0°C 2ZD¥E°O GIO°O St°O O°2 
2€2°T 212°% 200°O- 290°O %63°9 9F0°O 220°2 T4H°O THE°& 62°0 €20°0 220°O £60°A OG600°9 262°0 E20°O Z0%E°O STO°O ST°O O0°% 
A¥E°T BOER ETI°G— ZIE°O S2ZT°O 2@E60°A TOT°O 840°O 999°SIDE°C 820°0 1NT°A TZO0°O OS5N0°O DZE°O 3270°O <OFE°O STO°O ST°O 0°9 
GEST OOM°ETZEBD°O- SHE°O THI°O ERO°D LETC 640°O YRG°CZES°O EEOTO CET°O CH8O°O O0S00°O ZE¥°O EEC°O COSE°O STO°O SI°O 0° 
S€6°O DOEZ°O YOO°O- B6EO°O OH0°O AINA EEOC $270°O THG°T ET°O 710° E£N°O AZO°O O500°O BZ1°D Z2T0°O 2OsE°O SIO°O ST°O O°T 
SE¥°T OG2°T T90°O- 9560°O 260°O0 EIN*A 240°C YEN°D TZE°E BI°H LIO°U 249°D 40°00 score SOT°O LT0°O ZO%E°O SIO°O ST°S O°? 
9E2°? G97°%% T90°O- 280° €89°D T20°Q F90°C 240°O THE°G 62°G £20°0 699°0 260°0 0500°G 762°O EZ0°0 ZOsE°O SIO°O ST°O 0°% 
659°? ETE°2 200°0- ENT°D BOT°OD TEO°O LZHO°O 260°O 999°CGI9E°O AZ20°O £20°0 T20°0 OSCO°D DZE°O 720°C ZOSE°O STO°0 ST°O 0°9 


CEB°7? BOO°TTS9O0°O- G7T°O OET°O SHO°Q LZOT°E 29N°O HRG*2ZE¥°O ELEOSC ENT°O ZB80°Q OGNO°O LEWD EE0°O ZOSE°O STQ°O S1°O O°8 


ow oN oA ow at | ew oh bd) oN “wu WW oi 
°SOd owed TVINVHI NENG SWF dN JOAVHD KRId3IC HIAID Wes ADTGAI HIME cw ou CNIS) ADSING cb CNIS) #3399 a a pe | 
dh( rf d49F &€DdINT AQVYIND ADHINI HFEIT NRCC CWAFAN RALAI AUNT AYENG AH 34 AadUQVS °ANYIL NH 3297S “NNVN “VIG °O 
‘ | 
“SLINSI4 WVUSOMd GNVY VIVO JAdld IS5k Vivd Jd} d HIVONddY VivO NOWNOD 


“=d¥d USIL JME NE dodQr GHk 40 AVIMISNSIT HId5T ME V4 TWWHON GNY seTd HOIVINACY GHA NE SNOTLTTIID TINIWNAIA AD GISVT SLIANSAY RVUSCSd 


AS 


SSGT°T 902°0 999°G B@F0°O BEI°D BO0°O TEO°O G7C°O BAD?T GE°O TIO°O TE9°O 870°0 99NO°0 ¥9T°O TTO°O F60G°D SGIO°O SI°O O°T 
928°T 269°T 990°0 SS0°O0 GSS9°D L200°Q 440°C 9F0°O TTT°S 22°C FTO°O 40°00 O40°0 99NO°D B¥2°D SIN°O OL0GS°D STIO°O GtT°O O°2 
222°2 LOT°Y 909°C O80°DO OB9°D 2TO0°G €C£90°G C€CO°O BSZ°OIGE°O 220°0 £90°O 250°0 9900°X ¥2ZE°O T170°O G00G°O ST0°O GI°0O O0°% 
TWH°f €26°9 390°C GBOT°O FOT°D BIO°D OLKG°O 290°O NGS°LEGY°G FZ20°0 08D°O T2Z0°D 9900°O S2H°D 920°O GO0S°O GTO°O GI°O 0°9 


€IB°E SR7°OTTOD°A- BYT°O O2TI°O L20°H 9EO°C OL0°O GEL°SGZSS°O CEO°O 960°O 280°O 9900°O 135°O OLO°O GCO00G°DO STI9°O GI°O O°8 


°Id¥d ASIR WE DHONH SV AIGISSCdwWE DwWNns 82Z0°O #20°O OOTC°O ¥?1°O TIO°O GO0S°D SIO°O SI°O O°T 
°3d3d ASSZ MT DHONH SV AVISSTAwY dunt 6E0°O C40°9 NOTO°O BYZ2°9 s10°o 000G°O StO°O ST°O O°2 
348d 2532 ME IHONH SV JVEISSCgwY dune : 2G60°O 260°C QOTO°O Y2ZE°O 120°O0 O00G°O SIO°O Gt°O 0°% 


€29°S G62°9 900°C 860°0 869°0 GCOO0°G WO°C T2O0°C NGSE°ZTS¥°O 320°C 320°C 120°0 OOTO°O S2%°D 9Z2C°DO C00G°O SI9°0 St°O 0°9 


220°S S89°6 990°C STE°O GSII°O €00°9 F80°O TRO°O GEL°S2GG6°O CEO°D YRO°O 260°C DOOTOC°O 196°O DEO°D Ul0G°D SIB°O ST°O O°8 


°idid €S32 NY JHONH S¥ JTETSSOdWI auns 920°O PZ0°0 GZTO°O 491° TYO°O 0O0S°O STO°O ST°O 0°1 
°3d9d AS32 WT JHONH SY JTEISSCdHT dunt £€0°O O%C°O SZTO°O S¥Z°d GIU°O GOOS°O STO°O SI°O O°2 
°3dd ASIR WE JHONH SW 3TEISSCaH! awn ES0°O 260°9 SZTO°O HLE°D TZ0°C GO0S*D STO°O S1°O0 0°% 
°3dId ASIA NE DHONH S¥ 3TeNSSCdwWI suAT 2£90°O 120°C SZT0°O S£¥°O 9Z0°O CO0S*D STO°O ST°O 0°9 
°ad¥d 2S32 NE JHOWH S¥ J-eISSEdkI aunt 620°O 280°0 GZ10°O 195°D 3£0°O LO0S°D STO°O StT°O 0°8 
°ad}¢d £2532 NY JHONH SV ATEISSCdHI aWNe 2Z70°O 820°C 0670°O ¥9T°D TTO°O COOS°0 STO°O ST°O 0°1 
°3dId 2S3L NE JHOWH S¥ JTFISSE SHY dune TEN°O C40°O OG70°O B¥2°D STO°O LOOS*O SIO°O ST°O 0°2 
°3did RS32 NI JHONH SV JTOISSCdwE dunt %4#9°O £50°0 0670°O SLE°O TZ0°O OD0S°O ST9°0 S1°O O°% 
°3ddd ASIA NT DHONH SY ATEISSCdhT duns SS$9°O TZ0°0 0570°O S£4¥°9 9Z0°0 LO0G°O STO°O ST°0 0°9 
°3dTd AS3R NT J4ONH SV 3TGISSEdbY dune %90°O 280°C OG70°O 193°9 OE0°C CO0G°O STO°O SI°O O°8 

*h °N °4 ow ou ow ow ae) °N * bi ow od 

°SCd Sed TONTHI =—-NADG AWNEdA JONTHI Bd3C HYdIG Wed AD*SNI HAIG Pw ew CNIS) ADAING TM GNIS) $9303 ow S/T 

ehh dUNT ADSIN| ASMINT ADIIND HLeId AYOS awAEdM AMEN? APIND AYING NH DH = 3dG TS fC 4Hat! AH 3e9TS CNN SVIG 7 

*SLINSIM wvEOCYe ONY VIVG Idld S27) VIVO Jdid HWIVONddY VAG NOWWOD 


°Sdde IS9k JHE NI dd AHP 40 WH IHESNING HIPS ANIM WAIXON GNY GdId HIVOSAdVY THE NY SXCTLEFONDD VONTRUDIA AT GISVG SLINGIY WVUDHUd 


A3.12 


CL¥°O YAS*O FTO%O- 980°O 659°O 220°C #4¥O°C ZTIO°O AP9O*T ST°O TIOM 4%0°0 P2070 ZINO°U %9T°D F10O°O CO0S*O GTO°O ST°O O°T 
Se2°C 9BF°Z STIO°O- 290°0 999°OD G£0°O E90°C ¥70°O TIE°Y 22°C 9T0°O E9H°O N4O°R LIOG°O B¥2°9 SIO°O CONS*D STO°O ST°O OZ 
T26°O G6T°9 TO°G- TOT°O THT°D ¥90°O 960°D ZFN°O AYZ*OIGEO 720°O 960°O 250° 2ZTOO°O %ZE°D 120°0 LO0S°D STO°O S1°O 0°% 
°3did PSI NP WIHSTISVISI POW 2uoe TIN OST°O TZO°C 2100°O GL¥°D 920°C LO0S*O STO°O ST°0 0°9 
°idid OSIL NE DIHSTTAVESI MOVs 280F VINA OST°O 7F0°O £100°0 195°0 BEO°O 000S°0 ST0°O SI°0 O°8 
$69°9 669°O S09°0- €$0°0 699°O 020°0 6F0°0 610°O 9RO°T SI°O TIO°O GEO°O FZ0°C SZ200°O ¥9T°O TYO°O LO0G*D STO°O ST°O O°1 
BIC*T O29°Z 990°0- 290°O O20°O 620°0 260°C £79°0 TTESY 22°C 910°0 260°0 N¥O°N G200°0 B¥Z°O GI0°O 0006°O STO°0 ST°O O°2 
Q29°T EGT"S STI*O- 260°O 201° £9050 480°C ZED°O ASZ“OTSERC 220°D $8070 260° Sz00°O ¥ZE°0 TZ0°O 000S°0 SIO°O ST°0 074 
GOS*T TTS" TEQ*O- UZTSO ZST°D OL0°O ZII°C 2Z40°O CSS°2IS%°O F20°0 ZTT°O 120°C S200°O SZ2¥°O 920°O 000S°D STO°O SI°O 0°9 
°idid £S32 NE TIASTIAVESI POWs FUNG TING OST°O 280°C $Z00°O 195°O DE0°O L00S°0 SI0°O S1°0 O°8 
9CB°C G62°O £00°0- T90°O %¥0°D FTO°G LEO°H TZO°D BAD°T GE°Q TIO°O LZED°O RZO°O OSCO°O ¥9T°O TI0°O LO0S°O STO°O ST°O O°T 
€52°1 906°T $00°0- 650°0 €99°0 €20°O ESO°C OFO°O TIT°% ZZ°O 910°C £5070 040°0 0606°0 B¥Z°0 STD°O U00S*D SIO°O ST°O 0°2 
C8°T ZT2°% 200°0- 290°0 %60°O FEO°O L2£40°O THO°O RSZ°OTSE°G 720°O L20°O 250°0 0S500°C ¥LZE°D TZ0°O CO0S°O SIO°0 ST°O O°% 
6LT°2 GOE°BR CTO°G- ZET°O SZ2T°O 260°O TOI°O B4O°O NGG°Z1S%°O 92Z0°N 10T°O 120° OSND°O GLZ¥°O 9Z0°O GOOS*O SI9°O0 S1°O 0°9 
SCE*T OF9°ETZED*O- S¥T°O FAT°D EBO°D ZET°O 640°O GFL°S25S°O NF0°O ZET°O 760°C OG00°0 195°9 GEO°O LO0S°D STO°O ST°O O°8 
2€6°° DEZ°O T0D°0- 6FO°D 049° OIO°G EEO ¥70°O EP9°T SI°O TI0°O EE0°O 1Z70°O NSNO°O ¥9T°D TIO°O CODS°O STO°O ST°O OT 
VES°T OSZ°U 100°O- 950°9 459° EIN°O LsO°r HFO°D TTESY Z2°0 9100 240° 40°0 OSN0°O B¥Z°0 SIO°O LO0S*D SI9°O ST°0 O°2 
CES? G97%% TO0°O- 290°0 E£89°O TZN°O E90°C ZeN°O A¥Z°OISE’O 220° 690°O £50°T O500°O ¥2E°O 170°O LLOS*O STO°O St°O O°% 
269°7 ELES2 290°0- ETT°N VOT*D TEOD LROTC 2C0°O OGG°Z2TS¥°O 970°0 ZRO°0 TL0°O O50°0 S2¥°d 97070 DOCS*O STO°O ST°O O°9 
6FT°E BOUTIGIOTO- S7T°9 GETD SO°D LOG 29N°0 6F2°SZS6S°0 DEO LOT°O 780°0 OGNC°G 195° BEO°O LO0S"D STO°0 ST°O O°8 
*W °N 4 ow a) cu *h ar] °N ow oh Q ow 
"SGd °4Od VDWVHI = NMOG dwATdT JSNVHD Hid2r HEdIO Wed ADHZNT HAIL ow cw ENTS) ADYINS TW OONTS) 49399 ch S4T 
¢Whe  dHOF ADMIN] ATHINT ADMIN HNGIG NKOC dYATAN AYLKI AMER AYINZ NH 9M 40 TS add NH 31S CNNVW CVI °O 


*ShINSIY MVIOCUd GNV VEVO JdId FSF! vivgd hatd HIVONddY VIVO NORWOD 


*seled 1S3L FAL NT dat TH) 4D AVIFASNAIAG HIdGOQ YOTS WYXON GNV SdId HIVOMddY ARE VI SAXUTATINGD BINTWUSE KF GISVA SLINSIN wWVdI0dd 


A3.13 


212°T 902°0 090°C B£0°O0 BE9°D 9OO°G TEO°O S7N0°O T9B°T BI°G FIO°O TEO°O F2O°N 9900°O G0Z2°9 BTO°C LL02°O GIO°O GI°O O°1 
€66°T 269°T 100°C GS0°O $593°R L£00°C %40°C GEG°O ALEZ°% 62°C FIO°O %4¥0°O O40°0 9900°D OIE°D ¥IO°O LLO2°O SGTI9°0 GI°O O°2 
c€6°2 2ZOT°Y 909°O0 Gs8O°O O89" ZTO°O £90°C 260°O 266°TIZ4°O 610°0 £90°O 260°C 9900°C 69¥°O BI0°D GL02°D GIO°O ST°O O°4% 
2€9°E E26°9 TOB°O- GOT°O TOT°O B10°H CRO°O 2Z90°0 A06°H12G°O %20°O O089°O 110°C 9900°O 265°0 ¥Z0°0 GL02°O SI9°O GT°0 0°9 


245C°% FOZ°OTTOO°O— BIT°O AZI°O L20°Q YEO°O OLO0°O GH9°HZZ9°Q N20°9 960°O ZRO°O 9900°O GS02°O 220°D LL02°O GTO°O GI°O 0°88 


°JdEd ASIA NE DHONH SV JIAISSCSwWE DUNS B2U°D F20°O COTG°O SOZ°D OI0°O OLOL°O GIO°O GT°O Ol 
"ISTE ASTR ME DHONH SV JIGISSOMBY AwNT 6E0°O 040°O OOTO°O OTE°D HTH°O LL02Z°O STIO0°O StT°O O°2 
°3jdid ASIR NT DHONH SV AIBISSCIWY AwWAF 260°0 £60°0 COYO"’O 69%°O 610°O G202°O STO°O GI°O O°F% 


G98°% G62°9 900°0 860° 860°0 O000°9 YZ0°O T20°O OCCB°6TLZS°O 820°0 120°O T20°O OOTO°O 265°0 ¥20°G CL02°O STIO°O St°O 0°9 


ECE°S S99°% 900°O STE°O SII°O €00°O YEC°0 TRO°O G69°RZ29°0 920°O ¥RO°0 280°0 OOTO°O SOL2°O 220°D LL02°D SIO°O S1°O 0°8 


°Adid OSIR NY DHONRH SV JTEISSOHSWY AdwNE 920°O FZ0°0 GZTO°O SO0Z2°O OTO°O CLZ02°O STIO°O GTI°O O°T 
°IOEd 2SIA ME DHONH SV JIGISSEdWI Junt 2€9°O OFO°O GZTO°O DIE°D FIO°O O202°O STO°O GT°O O°2 
°3AdEd AS34 NE JHONH S¥ JIOISSCAWY AWN €SGO°O 260°C G2TO°O 69%°O 610°O CL0Z2°O STO°D St°O 0°% 
°idid ASJR NI DHONH SV JTEISSCdkI dunt 290°O T40°C SZIO°O 265°O0 ¥20°G CL02°O STO°O St°a 0°9 
°Adid ASIA NI BHIWH SV ATHISSC AW AWN 620°O 7@80°O GZT0°O S02°O 220°O GL02°O STO°O SI°O O°8 
°3dTd ASIR MT BHONH SV ATFISSHAWY AWN Z20°O 820°O0 0626°O SO0Z2°O BI0°O GL02°O STO°O ST°O O°T 
°3did AS3R NH DHONH SV JTGTSSC dW! dwn TEG°O C40°O OG20°O DIE°O SIO°O GL02Z°O SI9°O GT°O O°2 
°3did 2SIL ME DHORH SV JTEISSOdwIT dwar ¥90°0 260°0 0570°0 69%°D 6T0°O G20Z2°O STO°O GT°O O°% 
°3did ASST NE DHONH SU ATHISSCdHE dwnr GG9°O TL0°C 0670°0 266°O ¥Z0°O GLCZ°O ST3°O GE°O 0°9 
°Adid L934 NE JHONH SV JIBISSC HWY AWA ¥390°O 780°9 0620°0O SO02°O 220°C GL0LZ°O ST9°O ST°O 0°82 
°k °N =e “WW aa] ou ow uw °N oh ow oad 
“SCd ded FINVHI WAGG dWIFdAM JINYVHD HIdIC HAAIG wHeA ADVART H'APIU Phi oh (NES) ADYINS Pw GNIS) 49399 bd ey A | 
eHFF AHYAF ADIINI ASAINZ ADYING HAIV NKQC dWHFANM AYENI AYINT ABTS NH 3H 3407S oat KH 3297S °NNVW °VIG °O 
“slIns3ay4 daveotdd ONY VEVG AdId 1532 Viva Adld HIVONddVY Viva NOWWGD 


°=dTed AUSTE JHE NE daAF JHE JO AVIXUSNVIDT KEAIC MOTE TWYWHOM ONY PdTd EIVOGdIY CHE SE SNCELIGNID BDINTREAL CD DISVT SLINGIA KVBOOUd 


A3.14 


AZ .LS 


7€S°O 495°O FETI°0- 990°0 659°O 220°0 F4O°e ZTOTO T9R*T BI°GO H10°O ¥¥0°O PZ0°N 2Z100°O 502°O OT0°O CLOL°O STO°O ST°O O°T 
198°O 9BE°Z ATO°G- £290°O 989°0 6E0°O E90°O ¥70°0 PFZ°% GZ°O %I0°0 E90°O O40°0 2100°0 BIE°O ¥I0°O OL02°O S19°0 ST°O 0°2 
COT°T 66T°9 OFO°O- TOTO THT°O %90°O 960TH ZEO°O L66°1TLZY°O 610°0 960°O £50°0 LIN0°D 694°C BI0°O OL0L°O STO°O S1°0 O°% 
°3d¥d £532 NE TINSTIAVISI POTS Zune WINS OST°O T20°0 £100°0 269°0 ¥20°0 O2L02°0 ST0°O ST°0 0°9 
°3did ESIL NE TINSTIEVISI POTS JyGe WINS OST°O ZP0°O ZT00°O SOZ°0 220°0 D202°0 STO°O S1°0 O°F 
912° 669°O SOO°O- €90°0 6¥0°D O70°0 G6EO°O GTO°O T9B°T BI°O 110°O GEN°D 9Z0°O S290°0 SOZ°O D10°O ULDL°O SIO°O ST°O O°T 
FST*T 029°2 900°0- 290°D O20°O 620°O0 £60°O 270°O REL*% O2°O =STO°N 260° O¥0°O SZ00°D OTETO H10°O CL0L°O STO°0 ST°O O°2 
REQ*T EGT°S STO°G- 260°O ZOT°O 240°0 40°O LZFOTO BGG°TTZ9°C 610°O ¥8N°O £50°0 S200°0 69%°O G10°0 G202°O SIO°O ST°0 O°% 
SCOTT TIS" TEIO- IZT°O ZST°O 2070 ZTT“0 z24N°0 006°TLS*O $2059 ZTT°O TZO°O $2070 £65°O $2070 GLOLO STOO S170 0°9 
°3did ESI2 ME AIST WVESI MOTs 2NNe WING OST°O Z270°0 SZ90°O SOL°O LZ0°O OLCL°O STO°O ST°O O°8 
958°O S62°9 €00°0- T80°0 %90°O 9T0°R L€0°O 170°D 19e°T BIO CIO°O ZEN°O FZO°O OS70°O SO2°O O10°O CL02°O STO°O ST°O O°1 
€EE°T 9OK°T $00°0- 650°0 E90°O €70°O ESO°F OEO°O AEL°S 62°O %10°O £50°O 0490 OGNO°O DIED ¥T0°O O202°O SI9°O ST°O O°2 
SEQ°7 2T2°% £299°0- 280°O %69°D GEOG 2L0°O TEH9O £56°1TLY°C 610TH 220° 250°0 0500°0 694° GI0°O O£02°0 STO°O ST°0 0°% 
TCe°Z BOER ETO°G- 2TE°O GSZEI°D 260°O OT°O B40°O 006°6H12G°O %20°0 TOT°O TZ0°M CG00°O 265°0 %Z0°0 G202°O SIO°O ST°0 0°9 
2ET°7 OPM°ETZED"G- ¥SI°O BRIO E80°R ZET°O 680°O S69°8Z29°0 920°C ZET°O 780°N O5N0°O S0Z°O 270°C O202°O STO°O St°O 0°8 
ASC°T OELZ°O T00°G- 6E0°O O49°D OI0°O EFO°O ¥Z20°O T9A°T BI°GO AIO°O E£9°O FZ0°0 OS00°0 SOZ°O DTIO°O CL02°O STO°O St°O O°T 
9C2°T OGL°E 100°O- 950°O £50°O ETO°O L40°R HFO°O PEL°% G2°O F10°O 2¥0°O O¥0°0 05600°0 BIETO ¥T0°O GLOL°O ST9°O ST°O O°Z 
£€S°2 S97°¥ 100°0- 290°O €89°O 120°O €90°° 240°0 LG6°TIZ4°O 610°0 690°O 260°0 NSCO°0 69¥°D BI0°O L202°0 STO°O S7°O O°F 
Z2T°E ELTE°L 290°0- ENT°O GOTO TEOO ROTO 26C°O 0N6°61LS°O 420°0 2A0°O TZ0°0 OGNO°O 265°O ¥20°0 CL02°D STO°O StT°O 0°9 
6SE°E BOT*TTSOO°O- SZI°Q DET°O S%0°O LCT°C 220°O S69°8229°O 8Z20°0 LZOT°O Z8O°O 050070 S0zL°0 LZ0°O OL02°O STO°O ST°O O°8 
*h oN od *W ow ow w ow oN “h ow wu 
"SCd 9444 TONVHI =NMOG dWIEdM JONI Hdl HEdSG Wed ADMSNFI HAddG %w °w  UNESD ADHIND SW CATS) 39999 oH S/T 

dkNf dUNF ADGINI ACHINI ADAINI HPEID NKYOC EWNEEN AMENT AMINT ABING NH JH TALIS 84921 NH 3d0TS CNN TVIG °O 
“SLINSIE WVMOCUd ORV VEVO 3d3d ISIS Vivd 3d¢Id HOVENddY WAV NOWWOD 

“TeTe USTL IML NE dtr SHE 4 AP IE ESN Hod=7 YTS TVWHON GNY SeTd HIVOddV HL NT SPOTLEINID TENTWHAL AT DISVD SLINSIY WVEOON 


222°Y 902°0 999°O0 BEO°H BET°O BOO°G TEO°C S7N°O TLO°? 22°C HTO°O TED°O PZ0°C 9900°O %E2°0 OT0°O L958°O SIO°0O GI°O Oct 
€2C°2 269°T 900°C SS0°9 S69°D L200°0 %40°0 9FO°O O7T°S VEO EI0°O ¥4¥0°O 040°O 99NGPO SSGE°O EI0°O O99R°O GIO°O SI°0 O°2 
2SO°e€ 2LOT°S 030°C ARHO°O A89°O ZIO0°G £90°O 260°O0 S89°ZIZ2S5°O 610°H E90°O 260°O 9900°O 9£5°D 610°O L99R°D GSI9°O0 GI°O O°F 
éT2Z°€ €L6°9 TOO°O- DOT°O FBOT°O BtIO°O OEC°O Z90°O STIB°0ZE9°G £20°O O80°O Y20°O 9900°O €39°O E76°O 6998°D GT9°O0 GI°0 O°9 


FET °S YE7Z°OTTOO°O- GTI°O O2T°O L20°Q G6OH°O O20°D BEO°TERL°O 920°0 960°0 760°0 9900°D 808°D 970°O U99R°D GIOePO ST°O O°8 


°IAdTd ASPR WT BHOMH SY IWISSOdWY dwne 820°O &20°O DOTO°O %EZ2°O OT0°O O998°O STO°O GI°O O°1 
°IdEd ASTR BE DHONH SV JIGISSCdWT dUNe 6£0°O 040°0 N0T0°O SSE°O GIO°O 0998°O SL0°0 ST°O 0°2 
°3did ASIA NI JHOWH SY FIGISSCdwI Aune 260°0 £60°N BOTO°O 9ES°D BY0°O 0998°O STIO°O SI°O O°4% 


€16°% S62°9 590°C 860°0 860°0 O00°G W0°O 120°O GEIB°OZE9°O E70°O 120°C T20°O OOTO°O E€89°O £20°D G998°DO STO°O Gt°O 0°9 


SS69°S G8F°6 930°O STE°O GUI°O €0G°O YEO°O TRO°O CEO"TER2Z°O 920°0 %80°0 280°C OOTO°O 802°C 9Z0°0 L9958°D SGIO°O ST°O O°8 


°3dId AS3R WE DHOWH SV 37GNSSCaWE dawne 920°O F20°O GZT0°O ¥EZ°O DT0°O 0998°D STO°0 ST°O O°! 
°3d1d 2SIR WE DHOWH S¥ ITGISSCdWT dune 2€0°G 0¥0°O0 SZTO°O SSE°O ETO°D F998°O STO°O S1°O O°2 
°idid 2530 NE DHOONH SY 378TSSCde! dune £S9°O £60°O SZ10°O 9ES°O BT0°O L998°O STOO ST°O O°% 
°3d1d 2S32 NE DHONH S¥ 3TGTSSCaWE dune 190°0 1£0°0 Szt0°0 €89°O EZ0°0 U998°O ST0°0 S1°0 0°9 
°3d1d 2S3I2 WE DOONH SV JITIGISSCdKY dune 620°O 280°0 SZ10°O 802°O 9Z0°O L998°D STO°O ST°O O°8 
°Ad1d 2532 NI DHONH SY JTETSSCaWE awne Z7Z0°O PZ0°0 OSZ0°O ¥EZ°O BI0°O L998°O STO°O ST°O O°1 
°3did 2S32 NT JHONH SV 2TCTSSGdWE dune TE9°O O¥O°O 0G20°0 ZS£°0 ETO°O L998°O STOO S1°0 0°2 
°3dId 2RSIR MY DHONH SV 3TBESSCdKT dwHe %40°O £560°O 0570°0 9ES°O STO°U 0998°0 STO°O ST°O O°% 
Sadid ASIA WE D4ONH SY FIGISSCAWT awor SS69°O 120°O 0S70°0 £89°O EZ0°O L998°O STO°O SI°0 0°9 
°ad1d ASIA NE JHONH SV 3TETSSCdWI dwn %99°0 780°0 0520°0 802°O 920°O 0998°0 STO°O ST°0 0°8 

*h oN °4 °id ow ow oh ou °N ou ow 4 

"Sed °84e4s FONVHD = =NMOG dwIFdM JONVHD HId3C H1d3O0 Wed ADMIN HAdIC cw ca GNIS) ADHIND oH | ORES) 49393 HM S47 

ebre dWNF ADAIND ACWINA ADIINI HLeaG NPOC dWAFdN ANENT AYENS AGING NH JH «COTS 8 ANIL NH 3¢07S SNNYW CVI °e 

“SLINSIY WVROCUE UNV VEVO Fed IS34 ViVG 3did HOVCMddY Viva NNWWOD 


“SeTe USGt FAL NY ddNF JHE 40 AVIFISNEOG HIESC BO VS THON GAY 4dVd HIVOMddY THE NT SSOP LTONDY DVR I. AD DISVF SAIMNGIY WVYINAd 


A3.16 


TES*O YRH°O ETI°O- 980°O 650°O £20°O 440°C ZIOTO T2O°2 Z2°O NIO°O %¥9°O PZ0°0 2100°O ¥EZ°0 DIG°O L999°O STO°O ST°O OFT 
$26°1 9BEPZ STIOTO- £90°O 980°O GE0°0 €£90°C ¥20°O OZE°S HE°O E1O°S E90°O 40° Z10N°O SSE°O ETO"O C999°O GIO°O S1°O O°Z 
Z6Z*T 66T°9 O¥D°O— TOT°O THTO $90°O 9EOTO Z2F0°O S¥9°ZTZS6°O 410°0 960°0 250°0 ZTO0°O 9EG"O BT0°O 0998°D STO°O ST°O O°% 
“3did LSIL NE TISIIAVESI POTS FxNA BING 061°O 120°C £100°O £87°O €Z0°O 0998°O STO°O ST°O 0°9 
*3did 28392 ME TIMSTVAVEST POTS JYNA WINs OST°O 780°N 21000 908°D 920° 0999°O SI0°0 ST°0 0°68 
GZL°9 659°O S00°0- E90°O 699°D 020°0 6£0°O G10°O T20°2 22°C M1070 GEO PZ0°O SZ00°O ¥EZ°O D10°O £998°O STO°O St°O O°1 
BIZ*T O20°2 990°0- 290°O O20°O 620°0 250°C £70°O O21°S ¥ETE ETO°O 250°O C¥0°O SZ2NG°0 SSE°O ENO°D O99R°O STO°O S1°O O°Z 
TS2°T EGT°S STOTO— Z60°O 201° 240°O %60°O 2E0°O S¥9°ZTZ5°O 610° ¥80°D 2560°O SZM0°0 3£5°O GIC*O 0998°9 STO°O ST°O O°% 
S2O°T LIS*S TEQ*O- EZT“O ZSEO OL05O ZITO 260°O STe*OZEI-O EZOTG ZIT°O 120° SZM070 €B9°O EZ0°0 L99R°O STOrO St°0 0°9 
°]did 253i WE S3H4STIGVEST MOTs 3u08 TWINS 0ST°O Z80°O SZN0°0 308°9 9Z0°D 0998°O STO°G ST°O O°8 
926°9 S62°O €90°O- 190°0 %%9°O 9T0°G 2€0°C 170°O TLO*2 ZZ°G 010°O 2£0°0 8Z0°0 0500°0 ¥EZ°O BI0°O C999°O STO°O SI°O O°T 
SS$°T 906°T 490°N- 650°O €99°D EZ0°O €S0°O OFO°O OZE°S FE°O ETO°O €50°O 040°0 05N0°H SSE°I ETO°O 0998°O STO°O ST°O O°Z 
9S1°2 ZTZ°% 290°G- £80°0 %60°O 9£0°O 220°0 T4O°O S89°ZTZS°O 4610°0 220°0 250°O 0500°0 9ES°0 GI0°O 6999°D SI0°O SI°O 0°% 
2L¥°? GOL°B ETOO- ZIT°O SZE°O 240°O TOTO B4O°O ST@*OZEI°O €20°0 TOTO 120°0 040G°0 £89°O EZ0°O G998°O SIO°O ST°0 O°9 
212°? O99°ETLED*O- H¥T°O TRITO EG0°AQ ZET°O 640°O DEOTIEGZ°O 220°0 ZET°O 720°O 0SC0°O 809°9 920°0 L998°O STO°O St°O O°8 
E1T°T DELO T90°0- GEO°O 049°0 01070 FEEO°C ¥z20°0 TLO°Z ZZ°O OT0°O EEO°O BZ0°0 OSND°A FEZ*D DTO°O £99R°O STO°0 ST°O O71 
ZZ2°T OGZ°U T00°G- 950°0 250°O ETO°A LOO°C HFOO OZE°S FE"O ETO"D 240°D O40°0 050G°H SSE°O ETO°O O599°D STO°O ST°O O°2 
€69°2 697% 190°O- 280°O €80°O 120°O €90°C £40°O S¥9°ZTZ5°O 610°C 690°O 260°0 050C°O 9E5°O 410°0 L998°O STO°O ST°O O°% 
SET°F ELTETL 200°0- EOT°O GOT°D TEOTO 280°0 £C0°O STB°OZE9"O EZ20°O 2A9°O TL0°O OG00%D £89°0 EZ0°C 0998°0 STO°O S1°0 O°9 
EIG*E BON°TTSOD°O- SZ2E°O GET°O G40°O L0T°C Z90°O OENTTEGL°O 920°C L0T°O 780°O 0500°0 908°0 970°D 0998°0 STO°O ST°O O°8 
“he oN °id °W oa ou oh ow oN °W °W ow 
"SCe S464 TONVHD «= NSOG GUA dT JONVHD HNERF HNGID Wet ADFINT HIAIG %h “mw GRITS) ADMIN] HENS? 49302 0 WO S47 
dbOT dWAF ADAING ATBIND ADWIVE HEGIG NPOC dWNTdA AHLNT AYING AYINS NH DH = 1eH AS «8wNIL, NH 3¢07S °NNYW °VIC °O 


! 


“SRINSIR AVISCUd ONY VIVA Ad¥d S31 ViVO did HOWEAddVY WYO NOWWOD 


rete USILE FAL VE dor JHE GO AF TTLS = 47D HIGHAM PNVS WPOR GNY Jd¥d HIVOReCV THE NE SNUTDLIINID VINTWOIA ND AQISVI SLINSIY KRVUOOS 


AS ely 


222°t 902°0 
€20°2 269° 
2S0°E€ LOT°Y 


Cez°f E€26°9 


852°S ¥B2°OTTIO°O- 6T1°O 


266°% G62°9 


TES°S GB9°S 090°9 


be °N 
SSGd S4e4 


dbfr dWTF ADIINI AFVHINZ ADWING 


900° g€0°0 
009°0 ¢6S60°9 
900°O 9o80°0 
Ya0°O- Oat°o 
°3jdtd AS35 


8E9°O 


. $390°0 


0282°0 


taro 


re Galt ) 


900 °S 


2£00°0 


é€to°a 


a10°O 


220°S 


WE DHONH S¥ 


°IdEd ASILR WE JHONH SV 


°3Idid 2532 NI DHONH SV 


990°G 960°9 


°jdId ASIL 
°IjdSd A532 
°adid Asal 
°adid ASIL 
°3did ASL 
"Ijdid SAL 
°3jdid 1932 
°Idid ASIR 
°idid ASI2 


"Iidid ASSL 


°id oi 


860°O 


SII°O SiT°o 


000°a 


£00 “8 


WI DHONH Sv¥ 


MY JHONH SV 


WY JHONH S¥ 


NI DHONH SV 


WI DHONH S¥ 


NI DHONH SY 


WI JHOWH SY 


WE DHONH SY 


NI DHONH SY 


WY DHONH SY 


| 


°u 


¥E0°O 


¥¢0°C 


€90°O 


€e0°0 


9€0 °O 


G70°0 


9£0°0O 


€50°0O 


~20°0 


0z2ec°O 


T2O°? 22°0 
Q2¥°SG ¥Et°O 
Ge9°ZI2S°0 
208°T269°0 


OLE ZEGR°G 


JIBISSCIHT dwNse 


JIGISSCdwWT SWNT 


AVISSCIRT dwUNe 


T2Z0°O TZG°O 2OKR°TZ69°O 


$B0°0 190°O OLE°ZESE°O 


IIISSCAwWT AUNT 
IIGISSCAWE SUN 
JIGISSC ABE AWN 
JVAISSCdwWT dwne 
JTAISSCdwT dwne 
JTSISSHAWT 4wune 
JIISSCIwY dune 
ATGISSCdIRY dune 
FIEISSC AK? dune 


JIWISSCdvT aw 


oh 


FINVHI NAOT dwWIFSN JONVAT HIAIE 


Hi¢3a 


KPO 


*SLIASIE SVXICUd 


rete USAL JAR NE dW JHE 40 AFIPASNEND HII 


oid 
H2430 


any vVivd Fd¥d S42 


ny 


oy ba | 


West ADMANFA Hird 
dWAF AA ABVIAI AMEND ANINS 


0t0°0 
€t0°O 
610°O 
220°0 


S20°0 


220°0 


S¢2z0°0 


“te 


1€0°O 
%¥O°O 
€99°O 
0eR0°O 
960°0O 
R720°O 
6£90°O 
260°0 
t20°O 
¥90°O 
920°0O 
2€0°o 
€S59°O 
290°0O 
620°0O 
@c0°0 
y¥eoro 
5%9°0 
SS0°O 


¥90°O 


°wl 
MH 


9z0°0 
040°O 
260°0 
120°C 
780°0 
#c0°0 
0%0°O 
250°0 
¥2Z0°0 
760°O 
#20°G 
0%0°O 
250°0 
T10°O 
780°0O 
#20°0 
0%0°0 
£60°O 
TZ0°O 


c@0°O 


ba) 
Qu 


99N0°O 
9900°O 
9900°0U 
9900°0O 
9900°90 
00T0°0 
0010°0O 
OO0%0°O 
O0aTG"°O 
00T9°O 
GZ210°0 
6z10°O 
S2T0°O 
GzZ1T0o°Oo 
GZt0°O 
0S$720°O 
0G670°O 
0¢420°0 
0S627C°O 


0$¢0°S 


CN3SD 
3d0 18 


1S2°O 00°O 
T8E€°O £10°O 
82S5°O Bt0°O 
st2°O 220°9O 
129°0O ¢Z0°O 
t22°O 600°O 
TeE°O CTO°O 
829°C #F10°O 
SE2°O@ 7270°O 
122°O Gz0°O 
1S2°O0 600°O 
T2c°O E£T0°O 
BZS°O 810°O 
GEL°O 220°0 
T2a°d S20°O 
TSZ2°O 600°O 
tee°o E€TO°O 
G25°O RT0°CG 
S€2Z2°O 220°0 


T28°O SZ20°O 


| 
ADSINZ Pu 
“ANIL NH 


VIVO JdIid HOVONdAAV 


6696°O 
6696°0O 
6596°0O 
6596°O 
t696°O 
6696°0 
6596°O 
£5 96°0 
t$96°O 
tS 96°0O 
6$96°0O 
6696°0O 
6S96°O 
tS96°0O 
tS$96°O 
6S96°O 
6696°0O 
6696°0 
tS96°0 


6696°0 


CATS) 
4dVVS 


st0°0 
St9°O 
St0°O 
sto°o 
s10°0 
ST0°0 
Sto°o 
Ss10°0 
sto°o 
s10°0 
sto°o 
Sto0°o 
sto°o 
sT0°0 
Ss10°o 
sto°o 
sto0°o 
Sto°o 
St0°O 


sto°o 


44399 
oNNVW 


St°O 
ST°O 
S1°O 
st°O 
6t°O 
Gt°O 
St°o 
St°oO 
S1¥°O 
G¥°O 
S1°O 
St°O 
ST°O 
St°O 
st°O 
St°O 
6t°o 
S1°O 
S1°O 


Gt°o 


°ll 
°via 


0°! 


O°2 


o°9 


o°e 


$41 
°0 


Viva NOWHOD 


A3.18 


TES*O 496°O ETO"O- 990°O 659°O 220°C 440°C ZTD°O T2O°Z 22°O C10°O HY4HN°G FZ0°O ZT00°O 157°D 600°C 6596°0 SI0°0 ST°O O°1 
$26°0 9BEZ 6TO°O- 290°O 989° GEOG E9070 $70°O OZT°S FEO EI0°O £99°O [40°O 2IN0°O EBE"O ETO°C 6596°O STO°O ST°O 0°2 
262°T G6T°D D4O°O- TONG THT°G $90°R 960°O ZEOTO SH9°ZTZS°C 610°O 96070 260° £190°O 825°O 910°O 6596°O ST0°O S1°0 0°% 
S3d¥d £5392 ME IST IVESZ POIs June WINS 0S%°O TZ0°O 200°C SEZ°O 2Z20°O 6596°0 SI0°O S1°0 0°9 
°adid £832 NE GaNSETVES] POTS 2ANCe WINS O0S1°O 720°0 Z2100°O T29°O SZ0°O 6596°0 STO°O ST°O O°8 
G22°0 659°O S00°0- €40°O 699°O 020°A G£0°0 G10°O TLOTZ ZZ°C =N10°O GED°O 9Z0°O SZ007O 1S2°O 600°O 6596°O SI0°O ST°O O°1 
81Z°T O29°Z GODTO- 290°O O20°R G20°G 250°0 220°O OZT°S FEO EIO°O 260°O O40°D SZ200°0 TBE°D ET0O°O £596°O STO°O St°O 0°Z 
TSZ°T E6T°S SIO°O- Z260°D L2OT°O £240°0 480°O LECTO S89°ZTZ2S°C 461070 ¥H0°0 250°C SZ00°O 325°0 910°O 6596°O STO°O SI°O 0°% 
TS6°T TIS YEQTO- TZ2E°O ZST°D O20°O Z2TI°C Z4C°O 208°T269°O = 7Z70°O ZTT°O TL0°O SZCO°O SELZ°O 220°0 6596°0 SIO°O ST°0 0°9 
°3d0d ASIA NE CIHSTVVES] POTS 3x08 TINS OST°O 7G0°O GZ00°O 129°0 $20°O 6596°0 SI0°0 ST°O 0°6 
926° S6L2°O €00°0- 190°O %%0°O GTO°O LEO 170°O T20°Z ZZ°C 9IO*M LZEO"O HZO°D OS00°O 152°D 600°O £596°O SIO°O SI°O O°T 
SGe°T 906°L $90°0- 650° €99°O EZO°D CS0°C OFO°D OZI°S FEO E1O°D ES0°O O¥O°0 OS00°O T8E°O E10°G 6596°0 SI0°O ST°O 0°2 
9G1°? Z2T2°% 200°0- 280°0 %69°D VYEO°O L20°C 18O°O GH9°ZTZS°O 61070 £20°O 2£60°0 0500°O 825°9 9T0°0 6596°O STO°O ST°O O°% 
£4S°2 GOETR ELO°O- ZTECO SZE°O 250°C TOT°O B40°O 2OR°TZ69°O 220°O TOTO T20°0 0S00°O SEZ°I ZZ0°0 6596°0 ST0°O ST°O 0°9 
GSE°2 O99°ETZED°O- ¥SI°O TOITD EBO°D ZET°O G40°O OLE ZEGE*O SzZ0°C ZET"O Z60°O O500°O 123°O SZ0°0 6596°0 SI0°O ST°O O°e 
ETI°T OEZ°O TO0°0- GE0°0 0%9°O GI0°O EEOC ¥70°O TzZ0°Z Z2°D NTO LED"D PZ0°O O500°O 1S2°O 600°O 6596°O ST9°O ST°O O°T 
Z22°T OGL°T 100°O0- 950° 250°O ET0°G 240°C 4F0O°D OZI°S FETD E10°O £40°O 040°0 OSND°O TBE°O ETO°O £596°O STO°O ST°O O°2 
€69°? 697% T00°0- 290° €89°D IZ0°O €90°C £40°O S¥9°ZT26°0 610°0 699°0 £60°0 O500°O B25°0 FTO°G 4596°0 STO°O ST°O 0°% 
65Z°F ETE 790°0- E0T°O FOT°O TEOTD L80°0 2¢0°O LO8°T269°O 720°0 280°O TZ0°0 0S500°9 SEZ°D 7220°0 &S96°O STO°0 ST°O 0°9 
%€6°E BOO°TTSIONO— SGZI°O OET°O S¥O°A L010 Z90°O OLE*ZEGR"O S20°0 Z2OT°O 780°0 0G00°O TL92°O SZ0°O €596°O STO°O ST°O O°8 
°h oN o4 ou ou ow ow ow oN a ow ow 
"Std °Wes JONVHD «=NMOG QWIFdN JONWHD H1dIC HdIG Wed ADM3NT HIdIG PW "HO ONTSP ADMIND SW UNITS) 3339900 WH S/T 
ewMr duNt ADGIND ASHANTI ADIINI WIIG NMOC dwMEAN AVERT APENI AYINT NH DH «9407S 94432 NH = 3d99S SNNVW SV IG °D 


! 


*SLINS3IY WVUDOUd ONY VIVO AdId 183! Viv Jdid HIVOAdSVY VIVO NCRWOD 


“Teld (S72 TAL NE dWAT THE JU ATIHISASTG BLAIC FONDA TWAIN CNY Set d FOVE Adv THE NY SSULLTONDD TNT wt Ts AD TISVG SLIASTA WWHIDAd 


A3.19 


166°C ¥86°O ETO°O- 990°0 653°DR £20°G %%0°O0 LIO°O TLO°2? 22°C HIO°O S¥O°0 &70°O 2100°0 252°0 60G°O LOODeT SGIO°0 St°O O° 
26°C 9BE°SZ H10°9- 290°O0 980°) 6£0°OC €£90°0 ¥70°O O2E°S VE°G EIO°O €99°O O¥0°O LZINO°O DHE°O E10°O COOOL GIO°O Gt°O O°2 
G2E°T 66T°F BHBI°O- TAI°O ESXT°D 890°D VHO°C CEO°O POH°TETESG°N 8TIO°O 960°O 260°O L2I0C°D Tos°D BTIO0°O LONNTK STI0°0 ST°O O°% 

©39d41d FS3L NE DINSTVEVESS PCT3 SUCM VINA OST°O 120°C Z2T1H0°U 232°O 220°O COLO°T SIO°O St°O 0°9 

°aAdid ESI NE DINSTIVWVESI FOIA 2ZxOK BIAS OST°O ZRO°O L£10O°O 268°9 SZ0°O GOOO°T SGIO°O S1°O 0°8 
G22°0 669°9 GOB°O- EXO°O G80°H ODZ0°G G£0°O GI0°D T20°2 22°C H10°O 6£0°D FZ0°N GZ06°G 292°D0 600°O COOO°T STO°O GI°O O°T 
AIZ°Y O20°2 F09°O- 290°O B20°O 620°Q 260°C L£20°O O2T°G %E°D EIO°O 260°O C4¥0°0 G20C°O DHE°O ETO°O COOO°TT SIO°O SI°O O°2 
€EO°T ECGT°S GTIO°G—- 260°O LOI°S 240°G 80°C £€0°O 9O¥°ETOS"H AIO°O ¥R0°O £60°0 GZC0°0 TeS°O BIO°O GODO°T STO°O St°O O°% 
TGE°T TIG°S YEB°O- FZEITO SSY°D GLO°G LITO ZeC°O LOR°TZ69°C 220°O0 ZIT°O W0°O G2C0°D 252° ZZ20°O LOOOTT SIO°O SI°O O°9 

°4adid 25312 WE GINSTIVRSI POV, ANOe Bans OST°O 280°O G200°0 252°0 SZ0°O CODO°T STIO°O St°O 0°8 
926°C G62°O E00°O- 190°D ¥90°O BIO°H LEOD°O I70°O W2ZO°2 22°C OGIO°O L2E0°G &20°0 0500°U 252°0 G00°OD CODO°T STO°O St°O O°! 
$9%°T 906°T %00°O- 650°0 €£99°0 €20°0 £460°0 O£F0°O O21°S ¥E°O ETO°O £G0°O 40°00 OG70°D B6E°O ETO°O GOOO°T SI0°O GI°O O°2 
$€2°2 ZTL2°v L200°O- 290°O %693°0 VYEO°A L2O°C T8O°O GOH°ETRG°Q AIO°O 220°O £60°C7 0500°O 165°O BT0°O CO0O°T SIO°O SI°O 0°% 
€496°2 GOE°S ETO°O—- 2IT°O S2T°O 260°G YOVTO B4O°O L2HE°TZ69°O 220°0 TOT°O TZ0°O OGTC°G 252°9 2Z70°O COOO°T STO0°O ST°O O°9 
GSE°2 O98°ETZED°G- HHT°O TATI°D EBO°E CET°C 64Y0°O OLE’ZESGH°O GZO0°O ZEI°O 780°O OG00°O 268°D GZ0°O LCOOO°T SIO°O GT°O 0°88 
€TT°t O€2°9D WAB°O- BGEO°D B9B°D DIO°G EEO°O H¥70°O TLO°Z? Z2°O HIO°O ELN°G H29°O OSCO°D L£52°0 G00°O OON0O°T STIO°O GT°O O°1 
222°T OGL°T YOO°O- 960°0 £59°9 ET0°O 240°C FEOTO OZ1°S ¥E°O ET0°O £4%0°0 OFO°O 0500°O D6E°O ETO°O GODOT GIB°O GI°O O°2 
GS€2°2 G92°H TAB°O- 280°Q E£A0°O T20°O L90°C 250°O BOX°EIBS°O FITO°0 690°O £2560°0 0600°D f6S°O 3I0°O GOOO°ET GIO°O GtT°O 0°% 
6S62°E ETE°L 7200°O- EOT°O BGET°D TEEO°G LBO0°O 260°O 208°TZ2Z69°G 720°C 280°O T2Z0°0 OGN0°O 252°R ZZ20°O COOO°T SIO°O St°O 0°9 


SEG°E BOO°TISAO°Q- G7T°O OET°OD S4#O°D L01°0 ZON°O GEE°ZEGH°Q GZ20°O 2OT°A 2780°0 OSCC°D 263°0 S70°G CO0O°T ST9°O ST°O O°8 


“Sid °'4e4 JINVHI WHOG dUTdT JONIHD HRdA5C HIAIG West ADPINI HEGIC Pw Ww (SIS) ADVIND Cl CNISD $4939 “eh = =6S4T 
dhNF d¥AF RADIING AFBINA ADAINGI HldiD NPOC dWNTEN ADAwI AYEINF AYONI AH DH dU 7S mer NH 43¢€00S °NNVH °VIG °O 
“SLIASIA NVNOCNd ONY VIVA AdIid 1932 ViVG JIddd HIVONASV VIVO NOWWOD 


ewdTe LSIL FHL NY ddNf AY 40 4TIPUSNYNG HIGIG KHV WYNN GNY SdFd HIVOHddV THE NE S™CELSINID VINIWSIL NO GISVI SLINGIY wHUIONUd 


A3.20 


222°T 902°O 900°O @FO°D BER°D 9O0NTG TEOTO G72O°O T2Z0°? 22°H NIO°N TEND P20°C 9900°0 297°0 600°0 LO0K*T SGTO°O GI°O O° 
€20°? 269°T 900°C GSSO°O GGO0°D L00°H 440°C GFO°O O2T°SG FE°O ETO°R ¥#0°O OFO°L 99F0°O I5E°O ETO°O COONMeT GI9°O GT°O 0°2 
7ET°PE LOTS OBD°O ABRO°O OBI°D ZINTO E90°OH ZG6C0°O BNV°ETeS°O ATO" €99°O 250°C 9900°0 T6S°O FIO0°O DOD0O°T ST9°O Gt°O 0°4% 
Gel°f E24°9 TOO°O—- ONT°O FOT°O BIN°H CRO°O 2Z90°O 208°1269°0 720°0 0F0°O 120° 990070 252°O 220°O H00O°T SI0°O SGt°0 0°9 


892°% SBZ7°OTTOO°O- GTT°O B2ZI°G9 L220°E@ 940°C O20°DO DEE’ ZESGS°O GS20°S 96N°O 78N°0 9900°D 763° SZ0°O GOOO°T STO°O St°O 0°8 


“3dtd 2538 WT JHONH SV ATHISSCHwI AWNE B20°O 820°C GOTO°O 292°O G00°0O GO0O°T SIO°O St°O O°T 
*“3Jd1d 2538 MT BHONH SV FVICISSTGWT Dw 6£9°O OF0°OC OOTO"°O BHE°O ETO°O COOO"T STO°O ST°O O°2 
°3ddd LS3IR WE DHONH SV FIOISSE dus awnr £60°O 260° GOTO°O TeS°O0 B@T0°O LOCO"T GIB°O ST°O O0°4% 


266°%S G62°9 000°C 860°0 869°O O00°O 120°O T20°O L08°T269°0 220°O T20°O TZO0°C OOTO°D 2S2°O 2Z20°O GCOOKTT GI0°O ST°O O°9 


TEG°S GO9°S N00°O0 StI°O GSTI°d €O00°G SkO°O TREPO OEE ZES9I°O 620°9 ¥AN°DO 2B0°0 OOTO°O 262°C S70°0 ODOO°T SI9°O GSt°O 0° 


°3did ASIA WT DHOONH S¥ 3TeTSSCaWE dune 920°O @ZO°O GZTO°O 252° H00°O COOOL STO°O St°O O°T 

S3did 1538 WE JHONH S¥ ITAISSOdWE UAE LZE0°O OFO°O SZTO°O DGE°O ET0°O DOODLE STO°O St°0 O°2 

°3d1d ASIL NE DOONH SU ITETSStdhl awns ESN°O £50°0 SZT0°O 165°0 B10°O GO0O*T STIO°O ST°O 0°% 

°3did ASIL MT DHONH S¥ 37eISSCaWE dune £90°O T£0°O S2¥0°O 252°0 220°O UOOO*T STO°M StT°O 0°9 

*3dfd ASIS MI JHONH SY JTGISSOaUE dune 629°O 780°0 SZ210°O 2623°O S70°C CO0O*T SIO°O ST°O 0°8 

°3d1d 2S32 MT JHONH S¥ 3TGISSCdWE aUne Z7Z20°O F20°0 0570°9 252°9 600°O0 OLON*T ST9°O St°O O° 

°3did AS3L NI DOOWH S¥ JTETSSPaHt dune TEO°O N40°O O420°0 26E°O ETO°G GOOD*T SIO°0 ST°O O°2 

°3d9d 2532 NE DOONH SU JTBISSCGwE dune 49°09 £60°0 0620°0 163°0 91070 LO00"T STO°0 ST°0 07% 

*Fdid ASIA WE DHONH SY FIBTSSCdWI dWne S69°O 120°9 0620°0 2S2°O 220°O O000°T SI0°O ST°O 0°9 

°idId 2S92 NT D4ONH S¥ FTHISSOdRT dwar *90°O 780°O 0670°O 269°O SZ0°O DO0O*T STO°0 St°O 0°S 

he °N °4 ou oa ° hi oh a oN “hi ow 4 

“SOd °*4 FINVHD «=-NADD dUAEAN JONVED HEdIC HPdID wes ADVINT HiddG cH *Wo ENTS) ADAIND CH OENESD 4333900 OW S/T 
dhOF  d¥AF ADAINI ADBINI ADYINA Hhadd WPCC dWNEdN AYLKI AMEN? AYLNI NH DH = -4UTS 8 4N9L NH | -3¢97S CNNVW PVIG °C 

*SLINSI¥ UVHOOYd ONY VIVO 3dId 3S3L viva ae HOVOENddY VERVO NOWWOD 


S=d¥d 1S92 FAL NI ddan ANT 40 AVIMISNBENT HIST MOVE THRYON GNU Idd HIVitIyddv FHL NE SNULISTINID DENEWYTL KP DISWA SLINSIS WYNIOSd 


IN) ZAM, 


APPENDIX 4 
JUMP LOCATION IN A 0.075 m WIDE RECTANGULAR CHANNEL, 


MANNING COEFFICIENT 0.015, AT SLOPES 1/40, 1/80, 1/100, 1/200 


A4.1 


a aeChor: & = eceouure woe IJO@IGd FIV 
$a7T°C 6C06°O GO0°O0- 640° 0560°O E2N°O FECCS 910°O 66°F 90°O0 et0°N 
EVEPE 29°? STO°D0= 920°0 680°0 440°0 AGG°nr £20°O ZHe?? 60°O €20°0 


°3d3d ASFIL NE GINSTVAVASZ HOTA JHMM WING 
SABANT 3DTd LSIL LV O-T AVY GAWANYD GWT 


°AUINT BdDTd LS9L AV OMT AV CANHNYN dune 


@£9°O 622°0 090°0- 0490°0 O¥0°0 00° O£0°0 EZN°0 HH6°0 90°O HI10°H 
$6$°0 609°2 T00°0- s90°D 990°O F10°O TS0°O CEN*O Loyr? 60° £20°0 
"°9did 1832 NI O3HSTIEVAS3 POTS 3x08 TINE 
SAYIN] 3ddd 2S3L LV O©T AV GaNHOXG awnr 
°AYANI 3dTd 1532 2V O87 AY C3WKOWN guAF 
Z2S°C $92Z°O 190°0- 040°0 06°90 %00°0 F20°F S70°0 A6°O 90°O ¥10°0 
€S£°0 GY4°T CO0°0- £90°0 990°0 OT0°O 240°M LE0°O 26%°2 60°O €20°0 
°3did IS3R WE C3HSTTGVIS3 HOTS 3HOM WINZ 
SAMANI 3d¥d 2S3L LV OT. Lv C2NNOYA AHAe 
SAYIN] 3dld 2S3L LV O87 LY CANMOYVO guar 
°3dhd AS3L NT OMONH SV 37EISSOdHT aA 
°3did AS3L NI DUDNH S¥ 378TSSOdKT guar 
°3d1d 2531 NI JHOWH S¥ 3781SSNdHT ghar 
°AUINS 3dTd AS3L 2V O87 LV GANMOdO JWAF 
°AMIN3 3d3d AS3L LV O87 Av CARMONA gHnF 
ob oN ow ou eM ou °w a) oN “u ow 
°€C4 Cues TONVUD =NAND JUAFAN 3ONVHD HEdIC Hid} Wed ADW3NS W1d30 
ebOE dUAT ADAIND ADMINZ ADMINT H1dIG NOT dkOFdN AYN] AYINF ABIN3 


PSRTASIA WVASOMd CNY VIVO Jd3d JS3A 


oqav 


6€0°0 
g9n°O 
G20°0 


$20°0 


620°0 


0c0°0 
160°0 
520°0 


$29°0 


620°0 
820°0 
2%0°O 
620°0 
$20°0 
620°0 
2z70°0 
9€9°0 
790°0 
G2L9°0 


G20°0 


ow 
NH 


MAES Of} 


920°0 0¢600°0 
790° 06¢90°0 
990°0 0500°0 
GL0°O 06¢0°0 
G20°0 0600°0 
920°0 0010°O 
2¥0°O ONT0°O 
990°0 0010°O 


G20°O 00710°0 


G620°0 0010°0 
920°O $710°0 
240°0O GS2t0°O 
990°0, SZ210°O 
G620°O S2t0°O 
S20°0 SZt0°O 
920°0 0520°0 
740°O 0620°0 
990°0 062N°0 
$10°O 05670°0 


S$40°0 0¢70°0 


°W 
2H 


(ws) 
2eNTWS 


oreo awa awrrwe 


oot eo rusr sa 


€40°O 020°0 
£90°0 2€0°0 
¥OT°O ¥S0°0 
cet°o 640°0 
BLZT°O G620°0 
€¥o0°O 020°0 
£90°O 2€0°0 
¥0T°O %S0°O 
CET°O G20°O 
921°O S20°0 
€¥0°O 020°0 
£90°O 2€0°0O 
vOT°O ¥60°0 
cet°o $20°O 
821°O $20°0 
€%0°O 070°0 
£90°O 72€0°0 
%oT°O %60°0 
CET°O G2L0°O 
82T°O G20°0 
bl | 
ADYINI ow 
°HXYIL NH 


VIVO Add’d HIVOUdAV 


oe 


69€0°0 
69f0°O 
69¢0°O 
69€0°0 
6¥t0°O 
¢9€0°O 
44€90°O 
6¥t0°0O 


ov¥to°oO 


6¥€0°0O 
6¥C0°O 
€%€0°O 
64€0°O 
6o€0°9 
©%t0°O 
6%€0°O 
6¥€0°O 
9€0°0 
9 €0°O 


69€0°O 


CNIS) 
3d01S 


w ID Ow 


sto°a 
610°0 
S10°0 
St0°0 
Sto°o 
6T0°O 
S10°0 
GT0°0 


ST0°0 


610°0 
610°0 
610°O 
$10°0 
S10°0 
$10°0 
6t0°O 
610°0 
s10°O 
st0°0 


G10°O 


44309 
°NNVH 


8h 10°79 DU 


20°0 
£0°0 
40°0 
£0°0O 
20°0 
2£0°0O 
20°O 
20°0 


£0°0 


20°0 
20°0 
20°O 
2£0°0 
20°0 
20°0 
20°0 
20°0 
40°0 
20°0 


20°0 


oh 
°vj0 


0°e 


$41 
oat) 


0ivV0 WCHWOS 


A4.2 


2246°0 
avec 


622° 


616°C 


606°O ¢0°0- 390°9 06C°o €20°0 


#€0°F 910°O GFOTT 20°O €10°G 6f0°O 920° 
wev°2 wTO°O- 920°O 680°O FeN°O FSG°F F7N°O LTL°2 OT°O T20°R H20°O 740°0 
“§did 29392 NI MIHSFIVISI HCI JnOAM VINE 6tN°0 990°0 
SAMANIT J3dPd ASIA JV HD BY GQaNnnya gwer G29°0 $20°0 
“AUENF BDTE BSIL BV OoT LV CIAKHOWT GNF $10°0 620°0 
622°O G00°0- 0%0°O 0%90°O0 f00°0 OfC°n E7m°0 BROPT 20°O €10°O 0£0°0 970°0 
@0n°2 100°0- S9n°o 990°0 toro TS0°A ELO°O 214°? GTC 120°O 150°0 240°0 
C3Jddd 2S3R NI O3HSIIevAs3 #OI1I BVOR WINZ 620°0 990°0 
°ABINI 343d 2S3L 2V OFF LV CINHOUD sHAT 610°0 $2£0°0 
PAUIANI JBdId ASIA LV OT AV QINHNYQ dHNNe G20°0O $2£0°0 
$82°O £00°0- 090°0 0%0°0 %00°O £F20° G20°0 480°T 20°0 £€10°M 820°0 920°0 
6%6°T COI°O- €90°N ¥90°O O10°O LeCr ZENTH LTL°2 OO 120°O0 £40°O 740°0 
P3Idid S392 WE GIHSIVGVISI POTS 3NNA 11N4 $20°O 990°0 
PAUINZ BdTd 2532 2Y OH-D LV GANAOWA dwne S29°0 $20°0 
PAGANI ISTd ASIA LV OT LV CIAMHOYA gwar 620°O 620° 
°3d5d ASIA WT DHONM SV 3IGISSOdwT dwn 229°0 920°0 
°3d0d 1532 NJ JHOWH Sv 3-AISSOdHE GWE 9—EN°0 240°0 
°3d1d 1STA NE JHONH Sv BVEISSOdwT GHAF 790°0 990°0 
PAMANZD 3dTd LSTA LV OT LV CAwHNYT gUNT $40°O 620°0 
PAUANS BoTd ASIL RV OFT AV GIMANED awne 629°0 S20°0 
on ow ow ow ew uw bd) oN °W ow 
“des YINWHD NHN dWNE dN JINWHD FLdIAl bHLdID Wed ADNSNZI bIdID Cw OW 
GUA ADAINT AQVINA ADVINA HAdIG WCC sHNFIM AYLWI AMIN? ADLDZ NH Qu 


°SLTVAS3IY WUYS( rd GNV VIVO Id3d 3532 


0Sn0°U 
0S6€0°0 


0600°0 


0¢00°0 
0¢¢0°0 
0010°0 
0010°a 
0010°0 
0010°0 
0010°0 
$Z10°O 
S210°O 
$210°0 
Sztc°o 
6210°O 
0¢70°0 
0S 20°0 
0¢20°0 
0¢20°0 


0Sg20°C 


(MIS) 
3<01$ 


¥30°0 G10°O 
£e0°0 570°0 
9zT°O 140°O 
@ST°O 250°0 
set°o 220°0 
#50°0 S10°0 
£80°O $70°0 
9z21°O 140°0 
@sT°0 250°0 
set°o 220°0 
%S50°0 S10°O 
€89°0 $z0°0 
921°0 1¥0°0 
ast°o 250°0 
sat°o 220°0 
#50°O St0°0 
€e@0°0 $z0°0 
QZ2T°O 140° 
BST°O £50°O 
sat°o 220°0 
oul 
A2QGING oh 
e432 NH 


VIVO 3d¥ ed HOVGUSdV 


#690°0 
F690°0O 


€690°0 


#6490°0 
#690°O 
9650°0O 
6690°0 
6690°0 
8690°0 
8690 °0 
8690°0 
#690°O 
#690°0 
€690°0 
8690°0 
8690°O 
#690°O 
8690°O 
#690°0 


@¢90°0 


CNIS) 
36018 


S10°n 20°O 


G10°0 20°0 


610°0 40°0 


GI10°O 40°O 


S10°O 240°0 
610° 20°O 
S10°9 20°0 
610°0 20°0 
ST0°O 20°G 
Sto°o 240°0 
ST0°O 260°0 
S10°O 20°0 
S10°O 2£0°O 
ST0°O 20°89 
sto°oO 20°0 
sto°o 10°0 
ST0°O 20°0 
ST0°O 20°0 
StT0°O 20°0 
$t0°O0 20°0 


ou 
°vi0 


43399 
eNNVW 


0°? 


o°4 


0°4 


0°e 


vwiVO NORKOS 


A4.3 


-@oee @a222 o-°e -.e8 werere 2°°e “50 2 eH Pete + -8 CF BWes OF ve o eee .- vee wre »weoe ° 20ND 


(€2°A 406°O 609°0- 3¥0°M OSC°O E20%O FFOeF 910°O OZT*T AND 210°C 
€£2°C 29°? VIO°0= 920°D 6890°0 %480°O PS0°r FZ70°O “@7H°2 21°90 €10°O 
°3dld AS3L MS AIHSTIeV2IS3 HOTS JNGP WINg 
°AUAND 3dTd 2S32 BV Oot Av C3WMNUN awn 
AULNI 3dVA LSIL LV OHeT BV GINMOYO dune 
€55°0 622°O %00°N- 040° 080° €00°0 Feorn 7z0°0 OLI°T g0°O 210°C 
@€6°O 609°Z 103°9- S6290°O0 990°0 AIC°O TS0°P FFNPO 226°? 21°O 610°C 
°2d3d 2532 WE CIHSPTGVASI HOTS 3xOP VWINg 
CAUINI BATA ASIL LV OFF AV G2NHOYA awne 

: SAMANI 3dNd ASIA JV OFT AV CINMOYA gHNE 
1€6°Q SS2°O COO°N= 080° 040°O E00°N F20°F G7N°0 HZT°T 60° 2130°0 
CEC°R GOH°T F00°N- €290°O %90°O Ct0O°O s40rr 2f0°0 226°? 21°90 et0°c 

°7d5d ASI2 WE AISIIGVLSI MOT JUCP WING 

SAUIND ADSM ASIL JV O9D LY CANHOHNA dwoF 

AMIN JdDd ASIR LV CHT AV GawnOra dwar 

°3d0d ASIA NI JHONH SV ITWAISCOdw) BwAe 

°3d0d 2532 NI JHOWHM SV 3VEESSOdwI gHAr 

°3d0d ASI2 NI JHONM Sv J7GIS<OdwE dWAr 

AVANT FDTD ASIA AV OPV AV GIWHNYT dune 

°AUANI 3490 1633 AV OFV AVY CANANYN dUAT 

ar on oe or ow eG ou = ae ow ag 

"$d SMO sg FONVHS WAOO dWNF AN ADWVHD KIdIC HIdIN We 4 ADMINZ b1dIO 
ebeF = gMNF AL GINZ ADWIWI ADPINA H1dID KECO dwATAN AYINI AYIN? ABIN 


“SE3WSIN WVFIONE GWVY VIVO Idd 3532 


wee? 


6£0°0 
#90°0 
$20°0 
$20°0 
$20°O 
0£0°0 
150°0 
640°0 
620°O 
620°O 
870°0 
40°0 
$20°0 
620°O 
$20°0 
2z0°0 
9€0°0 
290°0 
$20°O 


$20°0 


ow 
WH 


70 8 80 


920°0 
7%0°O 
990°0 
640°0 
$20°0 
920°0 
790°O 
990°0 
$20°0 
$20°0 
920°0 
2%0°0 
990°0 
640°0 
620°0 
220 °0 
740 °0 
990°0 
$20°0 


940°0 


ow 
2H 


wee BS OB wW'308-0 


0600°O 
0600°0 
0¢90°0 
0SC¢0°O 
060°0 
0019°0 
0010°O 
0010°0 
00710°O 
0010°O 
$710°0 
$z10°0 
G210°0 
$Z210°O 
G2710°0 
06 70°0 
0$79°0 
06 70°0 
0¢620°0 


0$70°0 


(h3S) 
3dC1$ 


¥90°0 
660 °0 
061°O 
28T°0 
8127°O 
¥90°0 
660°0 
Ost °0 
2et°o 
e12°0 
¥90°O 
660 °0 
061°O 
2et°o 
B1z°0 
%90 °0 
660 °0 
0S1°O 
2et°o 
8I2°O0 
eu 


ADB IN} 
ouN TL 


ViVO IdJd LIVNUEIV 


eos emusa 


€10°0 
220°0 
9€0°0 
6%0°0 
190°0 
C10°O 
270°0 
9€0°0 
6%0°0 
190°0 
€10°O 
220°0 
9€0°O 
6%0°0 
190°0 
ET0°O 
770°0 
9€0°O 
6%0°O 


T90°0 


ow 
WH 


ow weoeoe 


<b0t°o 
6¥0T°O 
seot?o 
6%0T°O 
S%0T°O 
S40T°O 
S¢0T°O 
Sv0T°0 
Sv0T°o 
S¥0T°O 
$bot°o 
$¥01°O 
S%0T°O 
S%0T°o 
s¢0t°o 
6¥01°O 
$%01°O 
SvOT°O 
S%0T°O 


S%0T°O 


CNISD 
3d01$ 


$t0°o 
S10°0 
$10°0 
St0°O 
$t0°o 
6t0°0O 
S10°0 
610°0 
S10°0 
$10°0 
s10°0 
6t0°O 
610°0 
S10°O 
si0°0 
S10°0 
610°0 
St0°O 
610°0 


G10°O 


43309 
ONAN Vb 


© ee +s oe 


20°0 
40°0 
40°0 
20°0 
20°0 
20°0 
240°0 
£0°0 
£0°0 
£0°0 
20°0 
20°0 
20°0 
40°0 
20°0 
£0°0 
20°0 
20°0 
£0°0 


£0°0 


°u 
°vI0 


o°eR 


$47 
°¢ 


VAVG NCHWOD 


A4.4 


-t ee e@ewre =e 


9aG°n 604°0 


ce eerece Se er 2 treuwae ow ee ees saree wet e we Be FT wt wEuUre 


CCO°9= G680°O0 O60°0 E20°0 kG" 210°0 2NE°Y 60°O 110°O &£0°0 


€edee eeae°z? St0°O- 920°O 680°0 %¥40°O0 F90°N F2N°O 2AZ°E SI°O 230°N 890°0 


€ee°€ 622°0 


<@é°C 00°? 


Een S9L°O 


°3dld ASIL NE Q3HSITGVIS3 FOIA 390A WING ¢20°0 
°AMINT 3dPd 2534 2Y OFT AV CANKOLN dune 429°0 


PAYING JSTA LUSTA AV Ged AV CAWHMOYVA dwor ® $20°0 
FQQ0°G= Hn¢0°O 040°0 800°O0 CE0°O €20°0 L20E°T 60°O TI0°M 0£0°0 


100°G= S690°0 990°0 et0°O0 160° EF0°0 782°F ST°O L10°C 160°0 


°3did 2632 NI DINSTIBVISI HOTY JyHa WING $29°O 
*ABIhI JAdTA ASIL IV OHV AV CAHOON AWAF Si0°O 
AVANT IDTd 19392 JV O=1 LV QAWANYN AHAT G20°Q 


€a9°O= 0490°O 0%0°0 €00°O0 20°F S20°O0 20€°T 60°C T10°N 829°O 


€ET°T 64H°T 090°0- €90°H ¥9N°D ATO°O £40°F L£E0°O ZAZ°E ST°O L10°O 24N°O0 


°b 
"Sle 
ebf eC 


oN 
euod 
dune 


°3d0d 2532 NI OIHSIWOVISI POTS JUNA WIAY S20°0 
SAGIND JdTd 2S3L AV OFF LV CANKOWO dune G20°0 
°AUIN3 3d1d 2532 LV Oot AV GIMACYO gwar 6£0°0 
°3dI1d 2533 NI JHONH SV I*AISSOdKI dune z20°0 
°3Id3d 25392 NI DHONH SV JIGISSOdwy DHE 9£0°0 
“343d 2631 NI JHONM SV 3°B3SSOdwI gunr 2790°0 
*AULNZ 3dTS AS39LR AV O-TD LV CANHMNDA dune 620°0 
AdAbI JAVA ASIA LV MOT AV GANANYA guNe 620°0 
a) ow ow Ww °v wl °N °v cu 


ToNVED NANG dWNEdN JONVHD H1dIF b-2d3IN Wed ADWANZ HIGID PW 
b9UINJ ADNING AQ¥INI K2dIQ WHET JUNG IN AMLNZ AYANZ AVI%Z NH 


°SA-FSI™ dvYIC Hd CHV VIVO Addd S35) 


ou 
3H 


0400°0 
0S¢5°0 
0600°0 
0sn0°o 
00T0°0 
001T0°0O 
0010°0 
0010°O 
00TO0°0O 
$210°0O 
6210°U 
$210°0 
§210°O 
$6210°0 
0670°0 
0620°0 
0470°0 
0$20°0 


0620°0 


Chas) 
3d018 


owe 0 te lee w= 


290°O 110°0 
621°O 810°O 
So1°O 0£0°O 
%bZ°0 060°0 
¥8zZ°0 050°0 
z780°O 110°0 
6z1T°O 810°O 
S61°O 0f0°O 
vv2°0 090°0 
va2°0 050°0 
720°0 110°0 
621°O 910°O 
GoT°O Of0°0 
»%2°0 0%0°0 
%32°0 050°0 
280°O 110°d 
621°O @10°O 
S61°O 0f0°O 
wy¥Z°O 040°0 
waz°o osore 
on 


AQYNINI ob 
*WHIL NH 


-<-~< 


SL1°0 
9C2T°O 
GF LT°O 
9t4T°O 
942T°O 
94 2T°O 
9ELT°O 
92 4T°O 
9CLT°O 
Gt 2T°O 
9€2T°O 
9tLT°O 
9€2T°O 
9€2T°O 
9t2T°0O 
9£4T°O 
902T°O 
9€2T°O 
9E2T°O 


9E2T°O 


twts? 
3d01$ 


VAVO Jdid HIVNIddY 


s10°0 
610°0 
¢19°0 
s10°0 
¢10°0 
s10°0 
S10°0 
$10°0 
¢10°0 
Stoo 
10° 
s19°0 
¢10°0 
st0°0 
s19°0 
¢10°0 
¢10°0 
$10°0 
$10°0 


sto0°a 


$3303 
“NNYW 


10°O 0°U. 
19°0 0°2 
10°0 0° 
£0°0 0° 
20°O off 
40°O o°1 
10°0 0°2 
40°O 6° 
40°0 0°9 
20°O O0°€ 
20°0 0° 
20°70 0°2 
20°0 0° 
£0°0 0°9 
10°0 0°8 
20°O o°1 
40°O 0°2 
£0°O 0°% 
20°0 0°9 


20°0 0°P 


=e: SWAN 
°vI0 «=e 


VAVG NOwNCS 


A4.5 


C1S°9A 606°O CIIM= GeN°O O60°O FZ2O0°N FEOF £21N°O SS6G°T ET°O F€00°O ©£N°0 920°0 06°0°O 611°0 600°O ZU%€°0 St0°0 20°00 0° 
BES°C 29°2 STO°O= 920°O 6890°0 %490°0. F9D°F ¥2M°0 AZ26°E 02°90 830° H9N°0 240°H 0600°0 061°0 ¥10°O Z20¥E°0 GI0°O 20°O 0°2 


°3dld 219398 NE OINSTIEVIS) HOTS INNA 1704 G$20°O 990°O0 06f0°O 262°0 €20°0 20%€°O SI0°O 20°0 0°% 


°AUANZ IDS ASIA MV OT 2V CAKAOVA dwre i S2N°O G20°O O0G670°O B9E°O TE0°O ZO%E°O GIO°O 20°0 0°9 
"AVANT JDVG ASIA JV O91 BY CINADXO AUT GS20°O $20°O O5N0°O OEY°O BEDN°O ZOXE°O GTO°O 20°00 0°8 


$26°9 622°0 £00°0- 0%0°O OFO°O FOC°O FrEO°r F2N°O CEST ET°O COM O£F0°O 920°O 0010°O 61T°0 600°0 2U%E°0 GI0°O 20°O O°% 


8EZ°T GOMPZ TCOPO- F90°D 990°O AT0°O TSE°H FLOOD MZ26°E O2°O FI0°O 160°O 240°0 0010°O 061°O ¥10°0 Z20%£°O St0°0 20°O 0°72 


a © °39d0d ASIL NE GINSTIAVISZ POTS JOR VINI G620°O 990°O 0010°O 262°0 €70°0 Z2U%E°O SI0°O 20°0 0°% 
°ABANI IDTA ASIL AV HoT LY G2NKHNHO GHNE $20°O S20°O O0T0°O B9E°O TEO°O 204€°O SI0°O 40°00 0°9 
°AYVANI 3STAD ASFA AV OOD AV GAMANYA dwAE S20°O G20°O 9N10°O OE%°O BF0°O ZO¥E°O GI0°O 20°O 0°28 


€z2€et $92°O C90°0- 040°0 9¥0°O0 £00°D F20°R G2N°0 CGG°T ET°O ECO°C 820°O 920°0 6Z2710°O BL1°D 690°O 20%€°O ST0°O 20°O O° 


WIS°T 6¥O°T FN0°0= €90°O %90°0 O10°0 2£40°F L£F0°O P26°E O2°O S8T0° 2¥0°0 240°0 S210°O O6T°0 ¥10°O 26%£°0 S10°O £0°O 0°27 


°3d3d AS3IR WI AINSTVOVLZSZ HOTS JvCR WING G40°O 990° SZT0°O 262°0 €20°0 ZUYE°O STO°H £0°0 0°% 
PAVINZ IdoAd ASIL LV Oo LV CAWHNYA dwor $20°O $2£0°O G2T0°O B9E°O TE0°O 2U¥E°O GTO0°O £0°O 0°9 
PAUANI JBDTA ASIA LV OHD AV GANHOWN gwne S29°O 640°O SZ10°O OE%°O Bf0°O0 2U4£°O SI0°O 20°0 0° 
°3dTd AS3IL NI JHONH SV JIGISSKOdH JwOEF 270°0 920°0-0620°O ott °O 600°O 20%E°O GI0°O 20°0 0°T% 
°3d3d ASIR WI DHONW SV JIIGISSOdWI dUNEF 9€9°O 240°0 0670°O 06T°O ¥TI0°O 7O0%E°O GTO°O 20°0 0°? 
°3Jd0d BSIR NE DHOWH SV JVEIS“Ndwy gNAS 290°O 990°0 0620°0 262°0 €70°0 ZOvE°O GTO0°O 20°00 0°% 
°AUBNI BATA ASIA AVY OFT BV CIMHNYO gue G29°O G$L0°% 0G20°0 BIXE°O TE0°O 2ZO0%E°O SI0°O 10°0 0°° 
°AMAND BATA 2530 AV OFF AV CIWMNYN gHrE $£0°O $40°0 0570°0 O£¥°0 BC0°O ZO¥E°O STO°M £0°0 0°98 
°b ow be ow ow ow eh ow °N oh ° ow 
°SCd Moy 29NTED WADG SdWEEIM JONVHD REDIF HLAIT Wey ADYINI H1dI0 PW bd] €63S) ADVINI CW (WIS) 49309 ow 64 
abFF = d4NF ADG5NZ ADVINZ ADMINI HSDIG WHOM PUNFAN AYINI A¥LWI AVINZ WH 2M 3¢01$ °WHIR WH 3001% °MNVH °VIO °O 


*S27FSIY MVYICY? ONV VIVO Bd3d JSIL VAVO 343d NIVONdIV VAVO NHHO? 


A4.6 


ect ee ceewe ote 


F2S°N 60H°D 690°9- S$80°D _AGNeD €20°0 


- @ wee Po ee eo ee de ee hee | 


Z92°R HATS LVTN°O= 920°0 690°0 %40°0 


€eE°rE B22°0 


ated 600°2 


eec°T $92°0 


C26°T 696° 


en 
°We4 
dunt 


"§3dld 21832 WE OINSSIAVISZ 


OOF Vy Sn OSA OF) ee are ee a wu ee Oryur ts uur e 


¢ 


f£E°r GSTA"N TEL°T 9T°O F00°A 


F9IG°R 20° MHE®Y 62°00 210°0 


HOV 3NOT VING 9 


*RGANT BdTd 2531 JV OFT AV G2KANYO GNNF 


“AUANZ BDTA BSIL IV OoTD Lv C2¥ANWN dwNF : 


€90°0- 040°O 0%0°0 800°0 


CEOTF E7N°O TEL°T 9I°O E£00°H 


W0°G- $90°N 990°O0 F10°O TEC°F FFN°O NHE°S G2°G 210°0 


°3d1d. 2532 NE CIHSTV8VIS3 HCI 3HDA TINY . 


PAUANY 341d 2532 2¥ O50 AV GINKNYA dWAr 


°AULKI 3ddd 3532 JY OFT BV CAWANEO gue 


c0a°a- Cs9°h O¥0°O0 £€00°0 


1G0°0- €90°H %90°0 010°0 


626°C G70°O TEL°T 9I°O FCO°C 


d 


$0°N LEN°O OOE°% S$2°O 2@IC°C 


°'did 38392 NE GIHSIVVISI POI ZuCe WING 


°AUINI FAT ASIL BV OFF 
*AUINI JdTd 2532 LV OFT 
°idld ASIA NT DJHONH SV 
°3d3d 21533 NJ JHOWH SV 
°jdld 4S32 WI JHONH S¥ 
°AUAWI JdTa@ 1534 IV OF 


°AUENFI BATA LSI1 AV OMT 


ba} ow ew ew 


JV OQ3NFNHA dwar 


AV CIMPOHO AwT 


VVGISSOdHT GWA 


JIAISSOdHY dune 


FTWRISSOdHI dwere 


iv 


AV 


CINANYG dwAF 


GaAWAOYA dwn 


°w ow on ow ow 


TSN UM) NROO dU "F dN SONVYD H1g?f HIdIN Wed ACHINI ©3610 


A9GaN3 ADKINZ ADBVINI H1dI70 


BROOM AHNF IN AUBIN A¥INZ ABIDRI 


°SIINSIA WVYOC>d OMV VAVO Jdde 19928 


6€4°0 
agn°o 
G2n°0 
G2N°O 
Gén°0O 
o0t0°o 
1460°O 
Gi0°o 
620°O 
G20°0 
620°0O 
24%0°O 


62n°0 


S20°0 
S$in°o 
@20°0 
9€0°0 
290°0 
g7a°a 


$£0°0 


ow 
WH 


’ 4 ro 


920°9 
7vorn 
990°0 
$20°0 
$20°G 
970°0 
7%0°0O 
990°0 
§20°0 
s20°a 
920°G 
240° 


990°0 


ow 
Qu 


PT FAHD CO MemMUsres 


0600°0O 6¥T°O0 8n0°0 
0690°0 6€2°0 E10°O 
OSfO°O ELE °O 020°0 
06°0°0O E2¥°O 2L20°0 
0S(0°0 $9$°0 €€0°0 
0010°O 6¥T°O 800°0 
0010°O 6£2°O E10°0 
0910°0 EZE°9 020°U 
0OT0°O €£2¥°0 L£270°G 
0010°0 35¢6°0 €£0°0 
sZ210°O 6%%°O 800°0O 
S270°O 6€2°O €T0°O 


$710°O CLE°O 020°0 


SZ1N°O €2%°O 220°0 
$z10°0 6SS°0 €€0°0 
0$70°O 6%1°0 900°0 
6$20°C 6€2°0 E10°O 
0620°G E2E°O 020°0 
0620°O E24°O 220°0 
06270°O $$S°0 €£0°O 
ow 


(RIS) ADAINI CW 
3cUTS °WHIL NH 


VIVO 3ddd *IVONEIV 


oe SOD DS HOD MOF sete 


G604°0 
000S°0 
0605°0 
0UGS°0 
0006°0 
0005°0 
0005°0 
000S°0 
0004°0 
000¢°0 
000¢6°0 
060s°0 


v00S°0 


000¢6°0 
000¢°0 
000S°0 
0006°0 
0v0S°0 
000S°0 


000S°0 


CNIS) 
3d0TS 


610° £9°0 O°1 
610°0 £40°0 0°2 
610°O 40°0 0°% 
610°0 20°0 0°9 
610°O 20°0 O°n 
610° £0°O 0° 
619°0 20°0 0°72 
S10°O 20°O 0°% 
610°0 20°0 0°9 
610°0 20°0 0°8 
610°0 20°0 O°T 
$10°0 £0°O 0°72 


610°O0 20°O 0°% 


610°0 £0°0 0°9 
s10°o 20°70 0°8 
G10°O 20°O O°! 
st0°0 £0°O 0°? 
STOO 20°O O°% 
S10°0 £0°0 0°9 


$10°9 20°0 0°8 


44309 ow SFT 
eNNU oVIO °C 


wiv nOwwOD 


A4.7 


946°C 604°0 


20°C 29°? 


2¢€°O 622°0 


cert 600°2 


2ot°t 692°O 


CUS°T 664°R £00°0- 


"bo ew 
°<Cd Oo MO4d 
ebfF 8 4unr 


*SLIFSIN WVYSEHd OMY VAVO Jedd S34 


6CO°0- 640°D 06C0°O €20°O FEOF Z1N°D 7IH°T GI°O LEG°E 
¥t0°O= 920°O 690°0 %40°0 90°F F72N°O H28°% TE°O 110°0 
°3d0d S32 NI CINSIIGVISZ HOTS 3YOH DIN" 
SAYIN] 3dTd AS3L AV OoD AV GANKNYA dHwAr 
AVANT BIVD ASILR BV Oo TV AV GINANW Jdwne 
£00°O= €90°O 0%0°0 a00°O G£0°N 220°O 216°T 61°90 200°0 
100°O0- $90°M 990°0 aAlio°o td0°n €€0°0 028° TE°O TWW98°d0 
Prd0d 8938 NI OIHSTIGVASZ POTS JOR WINA 
°AGANT BOTA ASIA Iv O27 AV O2NKOXO dure 
°AUdMI IDTA 2SIL JV MeV AV CAWKNYO dwne 
€00°0- 0490°H OFC°O £00°D f20°0 670°0 716°T 61°O 200°0 
€90°O 690°0 A10°O 2eC°C 2€0°O 049°% TE°O 330°0 
°3dRd 1530 NB DINSIIAVISI HOTS JVOR WING 
°AYINI 3dTd 25392 IV OoT LV C3INHOYO gwar 
PABYINI BdTd ASILZ AV OFT AV QAM~HOeO gwner 
°3d0d ASIL NJ DHONH SV I7AISCOdWI JWAE 
°3d3d ASIL NE JHONW SV JIATSSOdwE dUne 
°3dTd ASIA NY IWOWNH SV JTAISSOdWE GWE 
°AMAN3 3DVd ASIL JV OFT LY CAPHNYO gHOF 
SAUAMI AD]d 1539R BV OoD AV CRIAANVO gUNe 
a] ow ou a) °y a] a] ba) a] 
SAVES =ONMON AdHFF dN JONWHD b4d2F EdD He 4 ADMINI +1420 
AlE2M3 ADUINT ADYINI HIdIG BHNE BUNFAN AWINS AYLNI Jedn3 


620°O 
620°0 
$29°0 
620°0 
4¥n°o 
620°0 
$20°0 
$20°O 
7z70°0 
9€0°0 
290°0 
620°0 


$20°O 


ow 
WH 


240°0 


990°0 
$20°O 
620°0 
920° 


740°0 


990°9 
$20°0 
620°0 
920°0 
240°0 
990 °0 
GL0°O 
620°0 
920°0 
2%0°0 
990°0 
620°" 


$20°0O 


ow 
34 


0S70°O £62°0 


0$00°0 99¥°0 
0$00°O 66$°0 
0600°0 102°0 
0010°O Cet°d 


ONT0°O 262°0 


0010°O 99¥°0 


0010°O 669°0 


0010°O t02°O 


GZ10°O E€B@T°O 


SZ10°O 262°0 


GZ7T0°O 99%°0 


'6210°0 $66°O 


G210°O 102°0 


0570°O €0t°0 


0620°0 L62°0 


0670°0 99%°0 


0620°0 $6$°0 


06 20°G Tol °0 


ou 
dads) 
3d01S 


VAVO IdId WIVONAAYV 


ADM IN B 
“wN Id 


2uu°d 
110°0 
et0°o 
%20°0 
620°0 
400°O 


110°O 


HT0°O 
%20°0 
670°0 
200°0 
T10°O 
ato°o 
%20°0 
670°0 
2£00°0 
1v0°0O 


B10°O 


%20°O 


6270°G 


ou 
NH 


0402°0 
0202°0 
0202°0 
0202°0 
02C62°0 
0202°0 


0202°0 


0202°0 
0402°0 
0402°0 
0202°0 
0202°0 
02402°0 
0202°0 
0202°0 
0202°0 
@202°0 
0402°0 
0402°0O 


c£02°0 


(MIS) 
IgN VS 


sto°a 
S10°O 
$t0°0O 
Gt0°O 
$t0°0 
610°O 
$10°O 


610°O 
sto°o 
G10°O 
sto°o 
S10°0 
st0°o 
St0°o 
$10°0 
G10°O 
$t0°0 
6t0°O 
$10°O 


Gt0°O 


4/309 
°NNV 


20°0 
40°0 
40°0 
20°0 
20°0 
£0°O 


40°0O 


20°0 
40°0 
20°0O 
40°0 
20°0 
40°0 
£0°0 
20°0 
240°O 
20°0 
£0°O 
40°0 


40°0 


ol 
°v1a 


o°t 
O°? 
0°% 
0°9 
0°e 
0°T 


o°2 


VivO NOWWO) 


A4.8 


€$5°N 606° $90°M= 680°O 066°0 C2zC°° 


@2O°C S29°2 HTI°A=- 920°0 


Vec°t o22°0 €90°0- 


68°y 60N°S 190°0- 


HRacdo 4%#n°0 


€CH°e 210°O 7F0°? 12°0 260° 66ne0. 


FS0°" S2N°O 7RT°G GET CI10°O 


°3did 2932 WE G3IHSITGVIST POTS AHOB WING 


°AUANZ 3dTd ASIL LV OHT 


*AYMNZ IdPd 2SIL JV OFT 


$90°O 


ov0o°n O%C°O 800°0 


990°0 9t0°0 


LV Q32NKNWN DwNET 
AV CANPONO dee 
CLO°M €20°O 27F0°2 T2°O0 200°C 


TS0°C EFN°O 7AT°S GSE°O (10°O 


“2did £5392 NI GQIASITGVISZ MOIS JyNA WINE 


“AVIN] 3A¢Td AS3L JV OmD AV CIAHMOLN gHUre 


- °ABbKI 3dVd ASIL JV OHeT LV GawAOYO JDWAS 


92T°T S92°O 100°0- 040°0 0%0°0 €00°0 


F¢g°T ee6h°E €09°9- 


ou 
- °SC¢d 
eore 


€90°0 


¥9N°Q al0°o 


20° SZ20°O 7F0°2 12°0 200°0 


240°C 260°O 7OT°S 6£°0 CT0°0 


°3jd3d §SAL WE CINSTIAVISI HOTI 3xOM TING 


PAGINA Jdfd ASIL LV O=} 


°AGANY dtd 
°3jdid ASIL 
°jdtd ASFA 
°jd3d ASIA 
*AGANI JBdId 


°AUAWI IdId 


on eu 
“Wed “JN yhQ 


ow 


as34 LV OF) 
NI JHONH SV 
NP DJHOWNH SV 
NI DJHONH SV 
AS3i 1¥ O=y 


4S$3i1 2V OF 


ou ew 


iv CaNMOXO dHNe 
LV CAWMNUAN dJHNF 
ITBISSOdRY dwrer 
IVAISSOdWT dwRAT 
VRISSOdWI dWne 
Av C3NANYA dwNE 


LV QANKNLA dHner 


ew ow °N ow ow 


WHNC DUNE AGN JONWVHD 1d? HI1dIQ Wed ADNINI +1430 
@&NF 8993N3 ADWINZ ADYINI H1dI0 


RROC dbNF MN AWLNA AYINI AYADI 


“*SATOSIN HVDC Hd QNY VAVO Ad] d 15393 


890°0O 


GL0°O 
G/0°0 
G2n°oO 
0co°o 
160°0 
GL0°O 
S40°O 


S20°0O 


920°O 


24%0°0 
S20°0 
G620°0 
$20°0 
2709°0 
9€0°0 
290 °0 
$20°0 


$29°0 


ba] 
NH 


920°0 


240°0 


990°0 
$40°9 
620°0 
920°0 
240°O 
990°0 
$20°9 
$20°0O 
920°0 
240°0 
990°0 


¢20°0 


$29°0 


920°0 
240°0 
990°9 
$20°O 


6240°0 


° bl 
ou 


06C9°O 


0600°0 


0600°0 
0S6C0°O 
0s¢o0°o 
ootTo°a 
00T0°O 
o0oT0°O 
0010°0 
00T0°0 
SZ10°C 
$210°0 
6Z10°0 
6210°O 
$z10°0 
0$20°0 
0¢70°0 
0¢20°0 
0670°0 


0670°0 


LS RD 
3eO1S 


cee°o 


7E$°O 
189°0 
SoR°O 
2£02°0 
ée€c°o 
Z7€S°O 
199°O 
$09°O 
£02°09 
2ee°o 
2€S°0 
189°0 
609 °0 
202°0 
2ee°o 
Z2ES°0 
1989 °0 
$08°0 
ok 


AN IN 
Be P| 


see wwe 


2£00°0 


1t0°o 


210°0 
270°0 
270°O 
200°0 
110°0 
210°0 
z70°0 
220°0 
200°0 
110°O 
£10°0 
770° 
£70°O 
200°0 
110° 
L10°0 
720°0 


£20°0O 


ow 
NH 


“=e wees 


Oo9g4Ae’a 


0998°0 


099R°O 
0998°0 
0999°O 
0999°0 
0999°0 
099n°0 
0999°0 
0994°0O 
0999°0 
0999°O 
0999°0 
0998°0 
0998°0 
0999°0 
099R8°0 
0996°0 
eg9R°O 


0993°0 


CNIS? 
36018 


VIVO Jd] d HIVLYGIV 


~ se 


S10°O 


Sto0°o 


S10°0 
$10°0 
St0°o 
gto°c 
Sto°n 
S10°0 
Sto0°o 
GT0°0 
G10°O 
sto°o 
§10°0 
St0°0 
St0°0 
Gt0°0 
619°0 
sto0°o 
st0°o 


st0°0 


3439) 
°NNVW 


ee ee 


40°0 


40°0 


40°0 
40°0 
£0°0 
40°0 
20°0 
40°0 
240°0 
20°0 
£0°O 
20°0 
£0°O 
20°0 
£0°0 
20°0 
20°c 
20°0 
20°0 


20°0 


ow 
°v10 


mos west e 


o°y 


0°? 


o°% 


o°e 


$47 
“t 


viv¥Q NOwWOD 


A4.9 


€49°O 4(6°0 
@OEPF OLE°2 
SEC°Tt o22°0 
€29°T 600°2 
wetot o62°O 
CEST 6H4°U 
°b on 
°SCd oMeg 


$00°0- S¢%0°O 060°0 F2N°O HEOTE LIN°M HHO? €2°O 


®8TO°N= 920°O 680°0 %40°0 F9IO0°F 420°O 26E°SC LE°O 
Psd3d 26392 WE AINSTIOVISS COTA JYOR WWJ 

SAUINZ IDVA ASJZLA BV HoT BV CIAKANWAN GUNS 

eAYANIT Idd I1S32 LV OFT JV GANHOHT DWN 


£00°0= 0%0°O 0%0°0 G00°G CEO°F FE20°O H60°? €2°0 


WOG°9= G¢90°O0 990°O RT0°0 T160°O €£0°O %6E°S LE°O 
°Jdbd BSI WE GQIHSTIGVISI PONS 3xOR TING 
CAVINFI BATA ASIL AV OFT AV GQIWANYA AWA 
oayan3 3979 ASIL JV OFT AV CI*MOUD AHEF 

ENI°A@= BF0°H O499°O €00°O F20°N G2N°O 460°? &2°0 

€N0°0= €90°O ¥9N°O AT0°O L4C°O 2FN°O. 96E°S LE°O 
°3addd AS32 WT AINSTIGVAZSZ MOTI BHGOR WING 
“adit? 369d AS3L AV Ood AV CINHNYA duAF 
°Aghw2 BdPd ASIA AV OOD LV GINHOYN JBUNF 
°3dId ASIA NI JHOWH SV JI-“EIS<SCdw) HOF 
°3d0d 1693 NT JHOWH SV BOISCOdYI dune 
°2d0d 2532 NI JHONH SV JITAISSOdM) dUAF 
“AUAMZ JBSTD A1S5S32 JV OeD AV GANMOND Wune 
°ABInNZ 3Bddd ASIA BV OoD AV CIKHNYO dune 

ore ow ey ou ob ow oN ow 

2940H} WHOD dHAFdN ADNVHD FId2F HIdI0 


900°0 


cv0°o 


900°C 


610 °0 


900°0 


€io0°o 


ow 


Wey ADYINI &HIAIAN 


6€0°0 
#90°0 
G20°O 
S2in°o 
GLN°O 
o0co°v 
¥S0°O 
G2n°0 
640°O 
GLn°o0 
@20°0 
2490°0 
620°0 
$20°0 
$29°0 
@29°0 
9€0°O 
290°0 
$20°0 


620°0 


ow 


ebre GUNE AGE2NZ ADVINI ADBINI Wl1dIG WAL dDWNFAN AWIN2? AYINZ AYINI AW 


$SLINSIY MVIDCUd OWV VIVO I3dJd JSIA 


920°0 0600°0 
240°O 0600°0 
990°O 0S600°0 
€20°0 0SF0°0 
$40°O 0S60C°O 
920°0 0010°O 
240°O 00T0°0 
990°0 0010°0 


$40°0 00T0°0O 


$20°O 0010°0 


970°0 $z10°O 
240°0 $210°O 
990°0 $270°0 
620° ¢210°0 
<20°0 $710°0 
920° 0520°0 
2740°0 0570°0 
990°0 0570°0 
620°O 0520°% 


G20°O0 0470°0 


ow 
Qu 


(e539) 
3¢015$ 


122°0 
09€ °0 
T26°0 
€€2°0 
679A °O 
T22°O 
09€°0 
T2$°0 
€e2°O 
628 °O 
T22°0 
09€°0 
126°0 
€e2°O 
698°0 
t22z°0 
09€°0 
T26°0 
€e2°o 
698 °0 

ou 


A200 ANI 
wn Id 


VAVO JIdSd HIVONdV 


200°0 
010°O 
910°0 
120°O 
970°0 
900°0 
010°0 
910°0 
170°0 
970°0 
900°0 
010°O 
910°0 
120°0 
920°0 
900°0 
010°0 
910°O 
120°O 


920°0 


° bl 
NH 


64% °0 
€$96°0 
66 96 °0 
6696 °O 
65 %°0 
6$96°0 
66% °0 
6696°O 
6$9%°0 
6$96°O 
6$9h°O 
6696°0 
6696°0O 
6$96°0 
64$%°0 
6696 °O 
65 96°O 
€696°0 
65%°0 


6$96°O 


(mTS) 
3d01S 


St0°O 20°0 


S10°O £9°0 
sto°o 20°0 
ST0°O 4£0°O 
St0°0 20°0 
S10°O 20°0 
st0°0 20°0 
S10°0 20°O 
ST0°O 20°0 
s10°0 £0°0 
s10°O £0°0 
s10°O 240°0 
s10°0 20°0 
S10°0 20°O 
sto°o 20°0 
S¥0°0 20°0 
$10°0 20°0 
S10°O 40°O 
$10°0 20°0 
6T0°0 20°O 


44309 
°NN VW 


°W 
°vla 


Viva NCHhWO) 


A4.10 


£520 606°O 600°0- $40°O 060°O0 €20°O e€6°m L1N°O IzZ1°7 EZ7°O SOC°O 
TO°C VAvee BTITO- 220°O OA8C°O %40°0 FIOTF ¥2N°O T1%°S AEPO £10°0 
°2dld 3932 NE O3NS118VES3 HO74 3NOA WINS 
SAMANI 3d ad AS9 LV O87 AV CIWHOYA gun 
SAYIN] 3d0d 2S3R 1V OFT AY CARMONA dWer 
8C°T 622°O COO°0- 040°O 0%C°O R00°O CEO°M E2N°O TZI°2 E2°O 900°0 
@8°T G09°Z TO0°0- 690°O 990°0 Ineo 160° EL0°0 T1¥°S BE°0 ¢10°O 
ipadid 2S32 NI Q3HS17GVIS3 HOTS aUCA TINS 
*AYUAN3 3d0d 2532 AV Oe AV OINHNWA awn 
°AYINI J3dDd ASIA AV OH T LV GQIAVHKHOUN @swne 
1EV°T $92°O O00°N= 080°O AFCO £00°D 620° G70°O TZ21°2 E2°O 900°C 
"€S°T 646°T C00°0= €90°O 490°O O10°O 240° ZEN°0 TI¥°sS B£°O CI0°%O 
°3d30d 2532 NE GaHSIIGVISZ HOTA 3HCA VIN 
°AULNI 3d0d 2594 LV O81 BV O2NMNYD dune. 
°ABIN] 363d 2S3L SV O-7 LV CANHOWN dwar 
"3d3d 2592 NI JHONH SV JTIEFISSOdR) dHAL 
°3gld 2S32 NI DHONH Sv 27AI1S “Naw! dHnr 
301d AS32 NI DHONH SV 3701SSCdH aware 
“AMIN? 347d AS3L LV OT LV CANMOMO dwar 
°AYLNI 3d]¥d AS3L BV O=7 AV CIKKOVA gune 
ou on ew fw ou a) ow te) °N ow ow 
°SCe odes 25h NMS «=NMNN dWAFdN JONVHD HLEIl £14390 Wet AOWINT H4dIO 
dbNe dUNF 4942N2 ADNNINZ ADYIND HLdID KKOL DUNEAN ABI WI AWINI AYINZ 


°SAINSIY WVECOYd OwY VIVO Jdid 15935 


6©€9°0 9270°0 
89N°O ?4¥0°9 
S20°0 990°0 
$29°0 $20°0 
$20°O $20°0 


1S60°0 2450°0 
§140°O0 990°0 
G20°O 620°0O 
G20°O S620°9 
82°00 920°0 
2%0°0 240°0 
S20°0 990°0 
S20°G S20°9 
S20°O S£0°0 
2@20°0 9270°0 
9€9°O 240°0O 
~90°O 990°0 
$20°0 $2£0°0 
$20°0 ¢$20°0 
ow ow 
WH cH 


06co0°o 
0¢00°0 
0¢00°0 
0S500°0 
0¢¢0°0 
0010°O 
0010°0 
0010°O 
0010°O 
00T0°O 
6710°0 
$z710°0 
6Z10°0 
6710°O 
$7 10°0 
0620°0 
0¢70°0 
0¢70°0 
0S70°0 
0$20°0 


\ 


(WIS) 
Id07S 


922°0 
BIE °O 
VRS °O 
0¢62°0 
069 °0 
922°0 
89E °0 
¥8S°0O 
052°0 
068°O 
922°0 
age °O 
¥8S°0 
032°0 
068 °0 
Fz2°0 
BIE °O 
vac°d 
0S2 °0 
G&8°O 

td 


ADA ING 
una 


VIVO JdSd HIVONdIV 


900°O 
010°0 
910°0O 
120°O 
920°0 
900°0 
010°0O 
916°0 
Tz0°0 
920°0 
900°0 
010°0 
910°0 
tz0°O 
920°0 
900°0 
010°O 
910°0 
Tz0°O 


920°0 


°W 
NH 


oconet 
OULon’T 
oo0n°tT 
0000°T 
0000? 
0COO°T 
ooo0o°T 
0000 °t 
oo0o°! 
0000°T 
0000°T 
0000°1T 
ocoo°t 
0000°T 
ocoo°l 
0000°T 
ocoo°t 
0000°T% 
oo0o°t 


ocon’t 


CNIS) 
3d018 


610°0 
610°0O 
610°0 
6t0°0 
S10°0 


$16°0 


$10°0 


610°0 
s10°0 
sto°a 
s10°O 
st0°0 
s10°0 
s10°0 
610°0 
st0°0 
S10°G 
st0°0 
st0°O 


sto°a 


43109 
oNNVW 


40°0 
20°0 
2£0°0 
£0°O 
40°O 
20°O 
40°0 
£0°0 
40°0 
40°0O 
20°0 


20°0 


40°O 


20°0 
40°0 
20°0 
20°O 
20a°o 
20°0 


20°0 


ow 
°v10 


O° 
0°? 
0°4% 
0°9 
0°R 
0°T 
0°? 
0°% 
0°9 
0°eR 
o°1 
o°?2 
0°% 
0°9 
0°e 
o°T 
0°2 
0° 
o°s 


ore 


$47 
mee 


ViVG NCwROD 


A4.11 


APPENDIX 5 
JUMP LOCATION IN A 0.10 m WIDE 
RECTANGULAR CHANNEL, MANNING COEFFICIENT 0.015, 


AT SLOPES 1/40, 1/80, 1/100, 1/200 
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APPENDIX 6 
JUMP LOCATION IN A 0.15 m WIDE RECTANGULAR CHANNEL, 


MANNING COEFFICIENT 0.015, AT SLOPES 1/60, 1/80, 1/100, 1/200 
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APPENDIX 7 
JUMP FORMATION INDICATOR TAKES FOR CONSTANT 
MANNING COEFFICIENT OF 0.015 FOR BOTH 


CIRCULAR AND RECTANGULAR CROSS SECTION CHANNELS 
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APPENDIX 8 
JUMP FORMATION INDICATOR TABLES FOR 0.15 m PIPE DIAMETER 
FOR A RANGE OF MANNING COEFFICIENTS FROM 


0.009 TO 0.018 
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A8.9 


APPENDIX 9 
JUMP LOCATION IN A 0.15 m DIAMETER PIPE AT SLOPE 1/300, 
CARRYING 6 g/s, FOR A RANGE OF MANNING COEFFICIENTS 0.009 to 0.018. 
RESULTS PRESENTED FOR UNIFORM MANNING COEKFFICIENTS IN BOTH APPROACH PIPE AND 


TEST PIPE AND CONSTANT APPROACH PIPE MANNING COEFFICIENT OF 0.015. 
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APPENDIX 10 


SAMPLE OUTPUT PROGRAM HYDJUMP. THE OUTPUT CONTROL PARAMETER 


SET TO GIVE WATER SURFACE PROFILES IN BOTH THE APPROACH PIPE AND 


UPSTREAM AND DOWNSTREAM OF THE JUMP IN THE TEST PIPE 


Al0.1 


PREDICTION OF ThE HYDRAILIC 
JUMP POISTTION IN A CIRCIJLAR 
CROSS SECTION PIPE AT ALLO SLOPE. 


PIPE LENGTH = 2.0000 Ne PIPE WIOT4 OR OLAMETER = °&#0.21500 
MANNING COEFF. = 0.0120 PIPE SLOPE = 0-500 
“ FLOWRATS = Co00E0 NFF3/S6 CUNTKOL VEPTH = Oe0707 Me 

NOFHAL JEPTH = 0.0231 Me CRITICAL DEPTH = 0.0707 Ae 
CONTRIL IS UPSTREAM, DEPTH = 0.0707 Ae 
DISTANCE CEPTH ENERGY Fem 
‘O's 0.6707 0.0980 627950 

0.0091 0.0691 0.0981 6.8004 

0.9905 0.0675 0.0983 6.8173 

0.9914 GeCoEC 0.09387 608463 

0.9925 0.6644 0.0993 6.8681 

0.0042 0.C62e 0.1001 629436 

0.0063 0.0012 0.1011 720135 

0.9999 0.0596 0.1024 720990 

0.9123 0.G>@l 0.1041 72-2010 

0.9163 0.0565 0.1080 723209 

0.0212 6.06549 0.1084 7-4t01 

0.9271 G.C533 0.1113 726201 

0.0342 0.0517 0.1146 728029 

0.0425 0.0501 0.1186 B-0104% 

0.0525 0.0486 0.1234 8.2452 

0.0543 0.0470 0.1289 68-5100. 

0.0733 0.045% 0.1355 8.8079 

0.0959 0.0428 0.1433 921428 

0.1159 0.0%22 0.152% 9.5191 

0.1399 0.04 CE. 0.1633 Go9418 

0.1539 0.0391 O.17h2z 16.4171 

0.2933 6.0375 0.1916 10.9524 

0.2459 0.0359 0.2100 11-5562 

0.3912 0.0343 0.2321 12.2393 

0.3702 0.0327 0.2590 13.0146 

0.4590 ° 0.0311 0.2917 13-8931 

0.5397 0.0<96 0.3321 14.909% 

0.7516 G202¢0 0.3823 10.0736 

1.9159 0.0cb4 0.4453 17.4224 

1.5932 0.02 “8 Ve 5256 186.9969 

220099 0.6246 0.5401 19.2662. 


Al0.2 


°021590 Ae 


PEPRESESYGTH = 40.0900 A. PIPE WIDTH Ox OIAMETER = 
PANNING COEFF. = 0.9120 PIPE SLOPE = 9.0033 
FLOWRATS = QeLOFU “FF3/S. CUNTRUL DEPTH = 0.0247 , 
NOKPAL DEPTH = 0.0865 He CKITICAL DEPTH = O-O0707 He 


CONTRIL IS UPSTKELR, DEPTH = 0.0247 Me 

DISTANCE CEPTH ENERGY Fem 
06. 0.0247 0.5286 19.0558 
004772 0.0278 0.38749 16261981 
0.9597 C.0309 0.2978 14.0538 
1.44945 C.€339 0.2370 12-4072 
1.923) 9.0370 0.1966 VLG I 
224995 0.04C1 0.1676 10.1043 
2.3431 0.0431 0.1470 9.2958 
303459 0-C462 Ve1l320 8.6591 
3.7935 0.0493 Oete Li 6.1359 
422212 0.06523 0.1133 727294 
4.5222 0.0554 0.1076 764131 
409333 C.C565 0.1036 Tol73t 
5.3192 G.0t15 0.1009 6.9983 
525722 6.C646 0.099z 628820 
5.7533 0.077 0.0983 6.8158 
528237 0.07U7 0.0980 6.7950 


Al0.3 


PIPE LENGTH = 


MANNING COEFF. © 


FLOWRATE 


40.0000 AM. 
0.0120 


O.00t0 M#¥*3/S. 


NORMAL DEPTH = 


02-0865 Ke 


CONTRIL ITS DOWNSTREAM, DEPTH 


OISTA'NZE CEPTH ENERGY 
O. GeO707 0.0980 
0.010% 0.0718 0.0981 
0.90429 0.0728 0.0982 
0.101% 0.6739 0.0983 
O.1l V0 C.0750 0.09395 
0.3159 CoC7EC 90-0957 
0.4330 0.0771 0.0990 
0.7145 C.C7éEl 0.9993 
1.9012) G.b792 Ge0997 
1.4923 0.0E03 0.1001 
1.9202 0.0413 0.1005 
226237 O.Ctzs 0.100% 
329227 GeCb34 0.101% 
(501555 0.6645 0.1014 
8.9673 C.0656 0.1025 
40.9999 G.0&66 0.1030 


JUMP POSITION 


PIPE WIOTH OR OLANETER = 
PIPE SLOPE 
CONTROL DEPTH = 


CRITICAL DEPTH = 


0.0707 Me. 


Fer 

62-7950 
62797% 
628047 


626164. 


628326 


6ef521 


628768 
629056 
62.9333 
629749 
7.0151 


7.0591 


72-1066 
721576 
702119 
722696 


Vel5u0 MM. 
0.0033 
0.0707 A. 
0.0707 Ae 


406547 M FROM PIPE ENTRY 


CONJUGATS DEPTHS 
KINETIC CNERGY VALUE 
RYCRISTATIC*e eCReENTUR 


DEPTH CHANGE AT JUPF 
ENERGY LOSS AY yurPp 


Al0. 4 


O.29116E-01 Me 
-O.21271E-02 A. 


0.0573 P UPSTREAM AND 0-05865M DOKNSTRIAN. 
O.1N51M UPSTREAM AND 
72612 Neo 


0.1029 M DUANSTREANS 
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PROGRAM HYDJUMP 


A full print out of HYDJUMP is included in this appendix. The program was 
written in Fortran for use on the NBS CBT Perkin Elmer 732 computer. No special 
facilities are required, single precision sufficient. 


The program contains numerous comment blocks describing the calculation tech- 
nique, however a simple flow diagram is included in this appendix. 


Input data to the program is simple, the program being designed to carry out 
numerous repeat passes to generate the tabular data included in earlier 
appendices. In order to facilitate use, a set of example data is included in 
this appendix for a number of options. 


It should be noted that all calculations are carried out in SI units. All 


input data are in SI units with the exception of flow rate; this is entered in 
litres/s and converted within the program to m/s. 


INEZ 


nRYJUMY Sehematic JNow hMaqeram : 


Read out eut contro’ Lout 


\ = Summary tabi\es 


oa\ 
Ose warts» Suvtoce 


presi\as " 


Read channe\ shape contro\ SHAPE 
\ = vractanaular 


s 2 = cweurar, 


Read NN, NS, Toon 
NN-detarmines size of} ISS in Simesons Budo 
NS- we of steps nacessavy Co 
watav Sunface ees in Simpsons Rule. 
ICON - ca\cun ation c ontro\ : 

= © 


Aeproech ee suv face pre file calc 
= : Pipa anki cee aS input Aata. 


Ter minar condi i ant LonSs 


com p\e fo 


From C. 


assumed iw apgrouch 


Pe p= ples nocman\ +\Now cel cae chowastream 
jump in toast pe. 


\ 


Risch ie 


PISA ESA A iSis 
ib = 


Pips. diamete- or. channe \ 
RM¢ = approach pips (Mannin 

AM\ = best Pies Manning Seer | 

DEN = oss factor at es Pip= SIREOY SWS) 


| 


Write titres ; 


Pipe Gouin. we Zs 


Y 


width 


Set 


All.3 


Raadk PL, S¢, GQ , WOONT, ENZ 
Pe wala ite pi oP 

a - prow rate , WCONT — care. cont ver | 
= O . conwWwer depths Sct Yo $rNou 
critica Aezeth values - =), con o\ ae eth 
at pipe antry te be calcuriatad, | 


ENZ - Pip set 4 I Pah a aie oO cf LEON=sO wZ. 
t 
Check PL, = O GoTo C, 7°GoTo jp 


V 


\ s Aires Pe: p= 
2s tast Pips upstraa An APG 
Se as vo aAaownst ream u 


Sf LR ABs EZ YS 2k ice V2 


' 


Chach ICon T2 =! 


{ ITeoN = | 

Carcurate Pipe entry depth 
Srvom Bon erie SEAS EWNZ 
and Sow vate ex. 

Set pip coant, oe 


| 


anck ow vEvcaN Sr\ow 


Toon = O, Be 


Ca\cuiata Mere aN 
ole pth ee rae 


’ 


Detacminege contver deeth yposilion, 
from H CONT vaeuk, 


{ 


~- 


EC aNnecuNation albbort clack», 
Fun borer Pow , GetoA 


i eae. tun LT2=Z, 
h YY vo , Geico A 


Wea 7S fe~ eer 
Aa Z Ne Sav Wein 2. cnc E> nro sure, Goto A. 


All.4 


Cartcurtata wate Suvdace PropiNias, 
ehaoch ICON, TZ vartues, 


meont= (Oo T2S \ 2 3-° 


2 


Carteulate2 wate~ Suvfuca prefAas 
LCOn SK. pee 25 ee \ 


Termina\ Conditions 


in eee Pi Pe, 
set dap th = ta ; amnany = ren + Jag he 


AaNCOIN = Zz We A Zz | 
Normal tron Agptr Aeownast ran, yume 
Set Aepth = AK ; Ca\cui\ate (ee SS) 
poo LZ = 2, 3 
BN Nets Wo akan oe profiles 


( N ote (GC aS m) vatuses calcuiateel 
Suv tuce pepo-s 5 


wit kh Wwe taw 


Jump Nocatieon Adetevmination 


Nhbeovt av macie, Jib (Fam) Ae eZ. = 3 uw 
> CF mM) Ze Kes terminar 
 yunp Arownsel |. GoTo A 


= O 


vaN\ue then wort ER 


Cheach Tcon 


MiGOW = 2. 


Leon 2. 2 
Emproy (F4+m) at 


Usgnr Jud inEovseaction 


Norma\. depth fev (FE +m) Cuvve tacharguc 
Bee Sas ikaw polation tw Priae e 2, 3. 
Cana ot om ee cae 

Mer 2. 


All1.5 


resurt,, Snmat conWeor\ 


») Wartew aun taoce Prefiies : 


React SHAPE O Can tavmina bec 
O 


Goto 8 


A11.6 


Exampl.2 VATA Program WY Y TUMP | 


Case \ 


Line \ 
Line 2 
Line 3 
tyne 


Line 5S 


Reet ang u\av amd cwrurtov CNS y 7k, a ppred 
Pps s \op2 , Nowe v indvcatas sPack in Sovmat 
Fear | 


Tout d Format x3 


v7 DOD ( $ uN) out put) 
SMG E | . TCocmat. «ns 
a | ( rectangular gaction) 


NWN, NS, LCON , Format SLY 
97979 309200 vyozvO ; 
5 RAPT AS ei Cocmat WEIO.& 
9V77V7O.1SO00 x9V970.0\50 vy9v7v9g 0.0150 ye"v9\.0000 
Pies?) CO) Weon weenie yGocmat Srio.u 
Cappreach pipe date) 
wv9g7 2.0000 ¢7770.5000 gvga(5.0000 vvgod 0.0000 ege7 0. 
PL, SY,&, HOONT, ENZ, Format SFIO.4 
7 9940.9000 gyuye 0.0025 vvevlb.0006 vued |. 0000 v7 0.6 
C toast Pips, upst ream jump) 
PL, $%, @, HOONT, ENZ Format SFi0.4 
VI79k0.0000 ggvF 0.0026 guvuu 6.0000 viT7 90-0009 g9770,c¢ 
C tast Pips, Aaownst eam junp) 
Repsat Lint 2, od = app roeed s\cps act sou. 
Repeat Line b 
ne paat Lune 7 


PL, SP, Qa, HCONT , SEwnza » Sw on CS 5 Fi0.4 
GvV7v7O.0000 grog ©.cCO0”U 


Cindicates sand data ga ction ) 


SHAPE Format T2 
v9 Z C ciecurar Swe ttsA) ; 
Repoat Mane 1 eo= 


SHAPE Cocmac Bees 


vv O indicates wad of dala fire. 
All.7 


Case 2. Rap cat Ca SR \ 


b ut Summan 4 Aata 
ot requved tg 


Aine \ LI out . EGoem at MENS 
v9 | 
Line 2-22 as Casa \ 


Case 3. Re peat olde \ uk tarminadl coditios 
atsumsd in approach Plp2, Nnovmal S\ow 
Aownstreaam jump in test Pipe. 
Linea \- 2 Repoar cuse | 
Line 3 NUNS Pits FF ec Oy & Format SLY 
vv Z0v200 vsov Z 
Line u-2Z2 Rx paar case |. 
Case Ve OUNete rd coefficient Oo. ols. ape roach Rey 
b wk oO-00 Gg in tacgt P'Pp*. 
Livne \-3 Aap oat case | 
Line ve B 


, AMPS, RMI, DEN , Sormat  Flo.u 


GOOVONSOCO veggO.O\SO vou" O-9°410 gvo7\-O00 


Line G-\3 Qs p2at CaSel 


Line J Rapaet Ling bk 


above. 


kine \u- AD Repeat CagSygSkr \ 


Al1.8 


ANANnDAN 


DOAIL1 


AOOINOOAaAC?¢) 


309 


9011 


504% 


505 


59) 


AON AON 


PROGRAM HYCJUMP KEFES25 TO A PROUGCFRE Oc SIGNED TU 
CALCULATE THE HYDRAYLIC JumP POSITION AFTER A CHANGE IN 
SLOPE IN EITHER A RiISCTANGULEAK GS CIRCULAR CRASS 

SECTION PIPE. 

DIMENSION %€25100) »FC2 51900) sEPCZ9c) 01116) . 
DIMENSION CPO292)904( 251900) CEP (251090) oT P62) ASK 2) EI 2) 
DIMENSION O1T¢636€) oS 10390) of N10¢30C)4524 390) »HC2Z( 306) 
DIMENSION BRN203C0)5 TENL( 3UC) 9£EN(390 Dg HEN( 390) sHUP (300) - 
DIMENSION FONO3C0).&s° (300) sELN(3G90) o FPM( 300) 

DIMENSION FEM( 3200) 994541390) ole J03L9) 9X SUMP (390) 

INTEGER SHALFE 

CORMON/CHLSE elo Golo SJ eGAM oF HO oHCIIT pHNOKM AREA PZ? FP MAE NERG 
COMMON/CH2/SHAPE 

COMMON/CH3/12 

READ (4,702) 1CUT 

READ(4,702)SHAPE 

[OuT IS A CUTPUT FIRAAT CUNTRELL CLO&s=1 OntY vUTPUT 

PS SUKrarY TALLE, =) 3UTPUT IRCLUSES Sf£Tck SURFACE 
PROFILES. 

FORMAT(I3) 

READ(4 sL2UIRNaNSOICI4 

READ(4 IZLE okPCok ALAN 

FURAMAT (4FiC.S) 

2=G9edl 


Ic=0 

ICOUNT=0 

IZ=0 

CONTINUE 

IFC(TZ2£E0.3) GETC gL. 

CONTINUE 

TFCIZ.5T-LIIMCIZI=iS 

{Z=I2Z+1 

TFCIZ.EQ. LI wHRITE (33394) 

FORMAT CIHL»/////) 

TFCIZ ED. LeANDeSHAPELE QL IWFITE (35505) 
FORMATOS/SISSAS AISA 29K 5s  PRELICTICN OF THE HYDRAULIC’, 
L/s20Xs*JUMF POSITION IN A RECTANGULAR 5 /20X9 


2°*CROSS SECTICN PIPE AT MILD SLOFELS e//S///10) 


IFCSHAPE EC. ZeAMCLIZ.E JL) RFITE (25599) 
FUXSMAT CCCRs *FEECTORIG4Y QF FREE RYDCRAULIE* ess 29Ae 
L°SORP POSITICN IN A CIRCULAR “s/s 2X5) 10.2 
2°CRGSS SECTICN FIP® AT MILE SLOPE s* sf/////) ° 
TFCIZ.GT.3)17=1 

IFCIZ.ES-LIIC=IC +i 

READ(4s LOGCIPL sSOsalCeH I INTSENZ 


Al1.9 


FPAANANANANAA RANA NAANANHOANNDATL 


NQF_O 


Q 09 


651 


1? 


IF ICON=2 TRE ANALYSIS IS @ASED ON THE ASSUMPTICN OF 
TERMINAL FLCH CONOITIINS AT THE CISCHARGE FROM THE 

APPROACH PIPE. 

[CON = 2 ALSC INTRIDUSES THE CONSTRAINT THaT THE 

TEST PIPE IS LONG ENIJUGH FOF NOFM“AL FLOW DEPTH 

TO BE ESTAPLISHEC DI4NSTREAM UF THE JJAP. NORMAL 

DEPTH THEN FECOFES THe DOWNSTKEAP CONJUGATE DEPTH 

WHICH ALLOWS CALCULATION OF THE °Fem® TEPM WITHOUT 
CALCULATING TKE WATER SURFACE PRPCFILE OCWNSTREAM UF THE 
JUMP. 4b 

[F ICUN=1 THE FLGh ANALYSIS IS PASEO UN AN INPUT ENERGY aT 
ENTRY TO TEE MILO SLOPE PIPEs TEFM ENZ. SIMILARLY THE LOSS 
COEFFICIENT AT PIPS ENTRY PAY KE LXPRESSEU AS A FACTOK»DENs 
VALUE 0 TO 1.Cy TG 32 MULTIPLIED cY THE ENZ TERMS. 

AS THE ENTFY FLGh DEPTH IS TC BE CALCULATEO FROM ENZ®VEN 
AND NUT BASEC CN FLI4 COITICA¢L CEPTHs, THE CONTROL TEQN 
4CONT IS SET T0 1.9. THE uTtie PARAMETERS REFEX TO PIPE FLUH 
RATE AND OIPFENSICNS. 

FURAMAT (5F1G64) 

LF CPL2E9-U.CICOTG IIL 

PL-PIPE LENGTHs E-HI1)TH» RM—PANNIMS CUEFF, SO-SLUFE > 
Q-FLCHRATE IN L/S T7 3E USED IN &¥$3/5—9 HCONT-CONT29OL SEPTA 
seT TO Ztx€ IF CRITICAL DEPTH ASSUMED. 

Q=9/1900.0 

JFL IU. 

LFCIZe6Gel) FR=KRU 

LECIZ.GT.i)d) FMERAL 

CON=R4€82/5C 

GAM=G*RHO 


IT(01C) =O%10CC.0 

TFCIZ.€Q.1)S101C)=5) 

TFCIZ.E€0.2)S201C)=59 

PROGRAM CORTFCL CATA. 

FORMAT (314) 

NN-SIZE OF TRE CH STEP IN STPPSCKhS RULE sNS-NO. 
STEPS IN GDEFTH CALC. o1CIN CETECRPINES MHETHER ENERUY 
INPUT OR UPSTFEAR SLIPE IS USELs CEN IS THE ENERGY 
LUSS FACTUOF Fur Trt PIPE ENTFYoIb EITHER cNTRY CASE. 
ENZ-INPUT ENERGY TJ REPLACE SLOPE IF ICON = le 

IF (ICON.EC.1) GOTO 550 

GOTO 651 

ENZ=DENPENZ 

CALL BOUNDTENZ .0965H3) 

[Z=2 

HCONT=HB 

GuTO 1@é 

CONTINUE 

IF CHCONT~.EC.1.0) GOTO 17 


GOTO 12 . f 
ENGO=DENSERGCE 
CALL SOUND(ENGD Q9d543 ) 
HCONT=H8 
CUNT INUE 

Al1l.19 


AAANANANANNANNN.S 
a 


wh 


w 


ANNANANAANANANGN 


JETERMINATICN OF CRITICAL ANC NOFPAL DEPTHS. 

THIS SECTICN CALCULATES THE NORPAL AND CRITICAL DEPTH IN 
ZACH PIPE LEHGTH FIR LATER COMPARISGN TO THE CUNTROL JEPTH 
INPUT. 

CALCULATION CF CRITICAL DEPTH. 

UP =P 

DN=0.0 

HC=UP/2.0 

CONTINUF 

CALL CALCCEC OL) 

LECHCRITI39495 

IN=HC 

GUTS 6 

tgP=HC 

ACN=CUP FON) JZ00 

LF CASS CC HCh=HC)/HC) LH 292901) GCTL 4 


40 2HCN 

[FCHCONTCECeOLOIFCINTHHEL 

CALCULATIUN CF BCRKMAL DEPTH. 

UP =2 

JN=9.9 

HN=UP/2.0 

CONTINUE . 
CALL CALC(ENSLL) 


LFCHNORA) LOesilel2 

ON=HN 

GOTO 13 

JP=HN 

HNN=(UP¢0N)/2.0 . 
LF (A335 ( CHNB—FN D/H) CLE CO/ULCL) COT 14 
ALM=HNGG 

GOT 9 

AN=EHNA 

CONTINUE 

PHCVO UN e= Gol) GOGTs. S19 
WKRITEC 3 es Z0CIFL oF pk 453d 492 9SiC ley 


All.11 


200 


201 


209 


wW 
fa) 
(=) 


CIMOOANWMOMANOA 


(om @ ma) 


QDAaAM 


AAnM 


FORMATOCS///2CXo® PIPE LENGTH =* oF lO0c4%e® Me? et 5SXo 
L°PIPE WIDTRF Ch OJAMETER =* gFlOe4Se® Meo? oJ a20Xe* MANNING COEFF. 


2F L004, 5X ot F IPE SLOPE =*SFLIOe4 eS o2bXe°ELUHKATE =% 


JFLO. 49° NEF3/8 0% s3Ke* CONTROL OEPTH Tino 40° Me°s//) 
HRI TEC 39201 DEN gHC 


Sea ea tape ey DEPTH = oFlOe Ge? Me? op oXe*CRITICAL DEPTH wae 


LF LO. %e ° 3/4) 

voenieian. CF A KYOGRAJLIC JUMP KECUIRES THAT DEPTH 
CHANGES FROP HLELOw CRITICAL TO ABLYVE CRITICAL» HENCE 
IF NORmAL CEPTH IS LESS THAN CRITICAL NO JUMPFURAS « 
TF CIZ eGTeleANU eHNeL EC eHCIHKITE( 392069) 

FIRMAT (/o2CXo? JUMP FIZNATICN LMPCSSISBLE AS HNCHCe* 2 /) 
CONTINUE 


TFC IZ.EGeLIRALCIC)F4N 
TF CIZ.GToLER2CIC) =HN 
TFC IZ-GTelLIFCLCICIEHT 
TFET ZeGCTolLeoszNOePNeLE 210 VGOTC 2oc 


- FULL BORE FLCr IS NIT DEALT WITH cY THIS PROGRAM. 


IF THO VALUE CF HN > PIPE CIAMETEF SOLUTION ts 
TERMINATED} 

TFT Zeb oe oe fhu ICN. E 122) COT G4ae 

edJTO 947 

IF THE TEST FIPE IS LING THEN A CLENSTIVERASLE SIMPLIFICATION 

POSSIBLE AS THE FLOY DEPTH MAY PE ASSUMED TO bE ® NORMAL ® 

DEPTH ANO THE (Fem) VALUE AT TrE JUMP IS FIXED. 

CALL CALC(RASOL) 

FX=FPH 

EXZ2=ENcRG 

HX2=HN 

HL I AH=870.99 

TF CHN.GEehLIFP) HN2( IC) =8 

IFCHN.GEeHLIS) GOTD 300 

00 949 J6=1,I1S—1 

IF THE Fer TERM AT ENTRY IS LESS THAN THE Fem VALUE 
FOR THE NCFRAL FLY DEPTH TRIS INSOICATES THAT THe 
JUMP HAS PCVED TO L=9 AS A CROKNED JUMP. 

FENCIC)=F (151) 

LFCFK.GTeF(1ls1)) GITD 330 

IF CF C1lL, J5) CE eFXeANDeF (CL oSE41) OLE FX) GOTU 942 
CUNTINUJE 


All.12 


IS 


952 


31l 


43) 
332 


ANAND UDAMAANIAAAMNY 


943 


944% 


312 


945 


PS tee ene ave I-LIAMmALALODISO SI 
HXL=DEP C1, JO )*#RE(DEP( Ls JO+LI-LEP CLs JO)? 
EXLBEN(L JOVCRS (ENC L»SO¢LI—“EN(C1LsJ6)) 
CHHZHN—-HX1L 
CHE2EX2-EX1 
T€C@TOuTe-EO-1) GUTL 311 
WRITE( 39952) 
FORMAT(/20X%o°TEST PIP: ASSUMEL LONGsNUKMAL FLOW DEPTH °%, 
L®°ESTABLISHEC COWNST2S4A™ OF TRE JUPP.°%o/) 
AHRETECAZsLO7IXXVHX1LDHXK? v9EXLo EXC 9 FX oCHHs CHE 
GITO 600 
CONTINUE 
HUP (IC) =HX1 
AON CIC J=HhN 
EUP (IC )=Cx41l 
ecON(IC)=EX2 
OSJH( IC) =CHE 
DEJCITC)=CHE 
CFPM(IC)=Fx 
KJUMP(CIC)=¥»% 
SuT2 300 
IFC TOUTeEGeC) WRITE ( 35332) 
FORMATC/2CXo"SUFP DUIANED £T LEG" s/) 
FENCIC)=F (1491) 
CFE PM(IC)=F¥ 
SOTO 8600 


CONTINUE 
THE APPROACH PIPE LENGTH MAY bE IGNORED ITF TERMINAL 
CONDITIONS AFE ASSUME). TnhIS SECTION YSES THIS CFT ION 


~ BY CHECKING GN THE OTPE NUMREEK ods ANU THE VALUE OF 


ICON WHICH IS SET T9D 2 
TFCIZ-ECeLeFPOCeICUNED.-2) GET 243 
GOTO 945 

A=HN 

CALL CALC{HsCL) 

ENGC=ENERG 

TFC IQUTLED.1LIGCTO 312 

ARITE( 35944 )KsyENGD 
FIORMAT(/20Xo°TERMINAL VELOCITY CCNDITLUNS IN APPR UACH PIPE.® 
LI29OK oe DEPTH = %9F1904s% Me sSXeFNEKFGY = SoFLOe4e® 4e%g/) 
GOTO 800 

CUNTINUE 

TEN1 (1C) =ENGC 

GOTO 300 

CONTINUE 

HLIM=0.99¢F 

IF CIOUT.ED-1) GOTL 313 

IF CIZ.GT.«1e ANC. HIN. SZeHLIMDWE LTE (39790) 

[FCHN. GE eHLIM) HN2(1C) =3 

TFC LZ GT eLeANS CHNeGH=eALIMILCCTIL CCE 


All.13 


THIS SECTION PREPARES FOR TRE PRCFILE CALCULATIONS 

3Y SORTING FLOWS BASE) ON PIPE SLOPE aND THE NORMAL AND 
CRITICAL UEPTH VALUES. 

[LF CHNeLTenC) GOTO 59 

ALLO SLOPE. 

[FCHCONTSL THC) GOTT 45 

SUBCRITICAL FLUWs CONT GT. HCe 

SIGNs-1.06 

DH= (HCONT—EP IFC. 993/ELOATOINN) 

LF CTOUTCEQ CC) KRITE( 39 202)HCONT 

202 FURMAT(20X—o"CCNTRGL IS DOWHNSTREAMe DEPTH ="oFlOe4s* Me) 
GOTO 60 , 


(2) (@) AAANANAAANE 


G SUPERCRITICAL FLOm, YCONT LT. #Ce 
45 ST GN= leo 
JH=(HC-HCUBT J ELEAT CAN) 
LF CLOUT CEG) BRITE (39 2930ECORT 
203 FURPAT(20%9"CGNTFGL [5 UPSTREAM, LCE PTA ="sFlOe4e® Me°) 


GOTO 60 
c STEEP SLOPEs HN LT HC, 
5C “TE CHCONT LE eFC) GUT) 55 


. WoCkKiTICaL FLChs HOINT GT HC. 
dTGN=-i.0 
DHS(HCUNT-FC)/ FLOAT CNN) 

TFECTOUT CGO) HRITEC 3,292) RCONT 
GITO 60 


SUPE®2CKITICAL FLOW, HZOCNT LT rC. 
5 SIGN=1.0 
N2=NN¥2 
DH=(HN—-HCONT) FO0-995/FLOAT (NZ) 
TF CTOUTCEQ.C) WRITE(3s203)RCONT 
60 S$L=0.0 
[S=l 
AZzHCONT 
CALL CALC(K CL) 
E=ENERG 
FA=FPH ‘6 
TF CIZ.GCTeLIF CI 2—-1sITS)=FM 
TF CTZ.EQ.2)¥ (1 eIS5)=2)29 
CFCIZ.£Q.5YX Ce sp IS EPL 
TFCIZ.-GTeLICEPCIZ—-LeIS) 24 
TF CIZ.GTALIENC IT Z—1ls IS) =F 


VAANAAANAAAAMN 
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IF (1OUT-EGe1) GOTO 31% 

WRITE( 35204) ; 
FORMATOIS//4919%5" DISTANCE %,° CEPTH %,° ENERGY 
ARITE(35205)SL shot oF 

FURMATCLAX9 SF 1004) | 
[FCIZ-EQ.2Z)KFENCIC)I=4 = 

IF CIZ-EQ-2)EENCICI2E 


HATER SUFFECE FELESLE CALCULATICMS USING SEIMP3SUNS <r 
TU EVALUAT. Thee INTESRAL. 
99 80 L=lohSo2 

SLO=SL 

[S=1ISe¢l 
AZSHCUNT*¢STONSOHSFEL IAT CL ei) 
4AXSHCUNTOSICRFFLOAT( I) 295 
cALL CALC (FoeLL) 

GAEL GAME Chic sf t2) 

CALL CALC(h357L3) 
DxADHF(OL+CL2449.080L3)/23.6 
SL=SLefL¥ 

IFCSL.GE.PLICCTO 62 

H4=H2 

SALI SSL MEU Orie )| 

E=ENERG 

FM=FPH 


~~ CUNTINUE 


TF CIT Zet se Le ANL HELE 2 tNIGOTE 911 


G60TO 912 


Si =PL 

retin 

CALL CALC(HF,CL) 

E=ENEKG 

FM2FPH 

CONT [NUE 

HHX=AdS (CH-FN) JAN) 

TFC IZ, EC eZee AND eKHXeLE.U-DVUIISL=PL 
CUNT INUE . 
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790 
316 


S17 


TFCIZeGToLIFCIZ—-1,I15S)3FM 
TFCIZeEQe2IXG1L 1S) 25L 


TE CIZ0EQ03)X0291S5)2PL=SL 
IFCIZ-CToLIOEPCIZ—1615)2H =: 
[FC IZ.GToLIEN(C IL Z—161S) 2E : 
TE CI Z.EQs2o¢NCotieGTeHC) GUTEG EOC 
LECIZ0EQ. se ANU otHeGE 03) GSITG LOG 
LF (1OUT.EQ.1) GETU 315 
ARLTE(3e205)SLoaHeED FA 

CONTINUE 

IFCIZ.EOsLeANCeSLeGELPL) COTE C1 
IFCIZ.EQ.3-#KDSSLeGEOPL) GUIG 9CC 
CUNTINUE 
ENGO=E 

[F(1Z.£0.3) GOTC 999 

GUTO 800 

H=H2-S IGN#2.C# UHFI(SL—-PLI/0X 

CALL CALC(H LL) 

E=ENERG 

FN=FPAN 

ENGOSE 

DL=EPL 

SITS 904 

CONTINUE 


THIS SECTICN OEALS YITH THE POSSTIEILITY OF FULL BORE FLOW 
BECOMING ESTAGLISHED IN THE PIPE COANSTREAM OF Tre JUMP 
LOCATIGN. TRE FUSITIIN DF TRE AYE RAULIC JuMP IS 
DETERMINED PY ECUIVALINCE CF TEE Fen TES SETHE BNR 


FULL 8GRE FLOR ANU T4E UPSTREAM SUPERCRITICAL FLUn. 


LF CSHAPE -EG.1) AREA=3%2%2 
TFCSHAPE.EC.2) AREA=(3. 1426462) /400 
TFC IOUT.EQ.1) GOTO 3lsd 

ARITE( 39790) 

FORMAT(/o2C¥s® FULL 3IRE FLOW ESTACLISHED.*/) 
CUNTINUE 

ENC2 1S) =84(CFF2)/ (2.0 9GEAREAS #2) 

F(2o1S) =RHOSCEC/ARE ACGAN*FARE ASE /2.0 
IFC LOUT.E9.1) GOTO 317 
HRITEC 3 52CSISLoBe ENC 2591S) oF (2918S) 
CONTI NUE 

XL=PL=SL 

[S=1Sel 

DEP (25 1S) =E 

K(2eTS )=C0C.06 

SL=PL 

EN(2,I1S)=EN(291S—1) 

F&2?eTS PZRHOFQFQ/AREAS,AMFAREAS(E S220) 
LF C@LOUT.EY-1) GOTV 3171 

VEC JoeGen Ta bg Bg ENC 2518S) ,FCZs1S) 
CONTINUE : 

GITO 900 

CONTINUE 
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[DENTIFICATION CF JUMP POSITION BY EQUIVALENCE 
JF THE Fem TERM. 

TFCF CL sl) LVF (2515) AND. LOUT.EQ. OMHRITE(36 389) 
FORMAT (/20xXo"JUMP J2R0dNED £T L=0 AT TEST PIPE ENTKY' 5/) 
TFCF CLoldIoLTeFC 29139) GOTO 8Cu 

XP2=0.0 

JEL X=PL/500.0 

KP =XP + DELX 

JU 102 [#19106 

J22 

TE CXC JS eoT e+ LdVeLE eXPeANJI.X(C Jnl) CE XP)? GITO 108 

TF QX(Jo141)-EC.0.0) GITO 103 

CONTINUE 

CALL Beetle) eihl She dled tod Moet Jo T) eXEF Ee! 
J=zl 

90 104 K=1,106 

TF CK eGTeUm(e)s CUTI1LD3 

TFOXC So K) OLE eXPeANIo C(O SeXtidoecToeXPIGLTS 164 
GOTC 104 

CONTINUE 

[FCF Cs ok) CE oF XeAMI CFC IsX el deri oFRIGLT OO 1149 
CONTINUE 


CIUNTINUE 

FP( lol) =F( 19K) 
FP C1Ls2)=F (1 Kel) 
OPC 1lsl)d=X( 15K) 
OP (1.2)=X(15K+el1) 
FP(2e1)=F(2elel1) 
FP(2,2)=Fl 201) 
OP (2e1L)=X(e2e1+1) 
DP €292)=X(291) 
IP(1)=K 

IP(2)=I1 

CALL SOLVE4OPCleldsHPCleldsDPlle2)ds FPCis2) OPC 2sldsFPC 21)» 


LOP (252) 5FP (292) oXJ5eF J) 


CALCULATION CF CEPTA AND ENEPGY CHANGES AT THe JUMP. 
90 49 K=l oz 
CALL INTER COX(K gS IPUK ID, DEPCK GIF CK DV XK<K eI PUK) CL), 


LIEP (Ke IPUKI41) sXJtetI(X)) 


CALL CENTER OX Ed gS IPCX) Dp ENE Ro TPOEKDD VES eo TECK DOLD 


LENCKsITPCKI 41) sXSoES(K)) 


CONTINUE 
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CAHzHJ (2)-HI(1) 

CHE=ES(2)-E JL) 

[IF (TOUT.EQ.1) GOTO 313 

MRITECS eo LOTIXISHICL) oHI(2)EICI) cE ISC2) oF XyCHH ACKE 


107 FURMATOS/// 9 20X9* ISSA? POSITION - =z oFLOe4%s 
1° A FROM PIPE ENTRY.® 
L/920Xs*CONJUGATE DEPTHS = "%sFS.40° M UPSTREAM AND °%y 


LF Ge49°M DOHNSTREAMs]" 9/920XK9 

L°KINETIC ENERGY VALU=S = "oF Ee%o°M UPSTREAM AND "oF S04, 
L®° M NOWNSTREAM. gfe 20Ky 
L®HYORUSTATIC*#POMENTIIA = "oF Go4g® Neolaly 
L/920X_o°CEPTH CRANGE AT JUMP = %46£14.5,5° oo 
27920%,"ENCKCY LOSS AT JUMP = %5614.559° Me? 

318 CONTINUE ! 

HUP (CIC) =HIC1) 

HONCIC)=HIC2) 

EUP(IC)=EI(1) 

EQNCIC)=E 42) 

OIH CIC ) =Chr 

JEICIC)=CHE 

CFPAMCIC) =Fx 

KJUMPCICY=xJ 


) 
) 


[Z=9 
GUTO 500 
C 
C 
C 
C 
Cc 
C 
C 
C: 
C 
C 
9010 CONTINUE 
TF CTOUT-EQeC) GOTO 329 
C THIS GuTPuT SECTION Us ONLY USED IF _tuuTt= 1»oTASULAR 
C JUTPUT ONLY 
TFCICUONCEQC2ZoANDeICIDUNTLEQLO) WFITE(359325) 
325 FORMAT(®L PRCGRAM RESULTS BASED Ch TEXMINAL CONDITIONS "4 


L° IN THE APFFGACH PEPE ANU NCKRAL FLOW DEPTH JUWNSTREAN's 
2° OF THE JUMP IN THE TEST PIPE so" ss/) 
IFC ICON.EQ. 2eANDeICIUNT CECeOIHKITE( 39321) 
[=IC 
IF CICOUNT.ECo2 OcANDoIC ONoEGe2)HPITE( 3s 325) 
IF CICOUNT ECoZO)HRI TE( 35322) 
IF CICOUNTSEC 220) ICANT =0 
ICOUNT=ICOURT#1 
TF CHN2 CT) oLToHC241)) SOTO 370 
IF CHN2¢1).ECeu) GUT 371 
[FCF ENCI) LEsCFFRM(I)) GOTO 37< 
ARETE(C 3 3ZIICTOVI) 3 o24o SLL) gHNLCL) oTENLOLD oS2CT I SHC2UT) > 
AAN2 CO) SHEN CLD SEENCTD 9£ ENCLD gHUP CT) pHONCT I 9 OSHC TDG EUPCLD ELNET Ds 
2VE ICI) sCEPRCI) oX¥ JUMPED) 
GOTOms22 0.) = , 
370 dRETE( 39 3dGIOTC1) 93 ot oSLCL) sHNLOT) oTENIOL) oS20L) osHCQCL) HN2E1) 
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GUTO 322 

371 ARITEC 3 o3BLICTOCL) 3 oRtoSLCL DoHNICLD oTENLOC LD oS20T)HC2UL Is HN2E1) 
GOTO 322 

372 AQLTEC 35382 ICTII) 9B oW4oSLCL) sHNLOID oTENLOI) oS20T) sHC2CL) o4N201) 
GUTO jee 

322 CONTINUE 

tr 


w& 

323 FORMATS SK oF 4eloF5Se2eF bo dof Te4%a2F be 30F 10%» 3F Oe 39F 6025 3F 603% 
14F7.2392F6.2) : 

330 FVRRATCUSSX oF 4eloF 50 2 oF He 39F Veh a 2F be 39- Ve 4a 2FOe3 15K 
L* JUMP IMPOSSIBLE AS AN<HC IN TEST PIPE.®) 

381 FORMAT OSS Kol Ge loF Se QF be 3aF leds lFbe Jaf Ve 4slFbe 39 1LSMG 
L® FULL BOXe FLOW ESTAZLISHED IN TEST PIPE.*) 

382 FIRMATIUSS Kel SaloF oe 2 gH Se dnF Vota ch be 3a- le Ga lFbe 391K 
1° JUMP DRURNED AT L=0 AT TEST PIFE ENTRY~-*) 

321 FURMAT(///5¥9° CON4IN OATA ©, "APPROACH PIPE DATA °o. 
L25Xe°TEST FIPE DATA AND PROGRAM FESULTSe%o// 9 
Pee ie Dike MANNe 3. UPE aN Wg@ Lig SILRP & 7C rN ©, 
JP ENTRY ENTFY ENTRY 'SPSUMNP CORN DEPTH ENERGY ENEKGY ENFXCY', 
4° JUMP AUER Vege aka CSS fe COELEF (SIM, Me ENEXSY%, 


>* (SIN) Fe he JEPTH Etter GY Fee DEPTH DePTh CHANGE %y 
5*UP JUMP CJUFN CHANG Feste PUSe %ols5ky 

723X%e° Me wg IX 9" ley Me Ne Me Me Me ‘, 
3° Ms ie 1. Ne Mo 'e/) 


320 CUNTIAUE 
red] rear Uae GIN 

701 CUNTINUE 
READ(45702)St-APE 
IF QSHAPE.GT.0) CUTS 392 


END 
C 
C 
SUSRGUTING INTEF (Aa 39590 0X91) 
C SUBROUTING INTER SLEMPLY INTERFULATES LINEARLY GETREEN 
C THO SETS GF CATA PYINTS ANC IS USED TG CALCULATE 
Cc JUMP DEPTH AND ENE2GY CHANCES AS BELL AS PUSIT1ION. 
Y¥2B¢(X—-A) F(D-E)/(0L-A) 
RETURN 
END 
ns 
C 
C 
SUBROUTINE SOLVECXLs YL sX20Y29xX39V39%49 V49X59Y9) 
Gg SUBPOUTINE SCLYE GETERMNINES TRE INTERSECTION FPUCINT GF 
¢ TAG STRAIGHT LINES JRAWNM SETREEN FPM—K COCRODINATES 
5 PEMD ReS Ef Se Cyne! NN ShURERe SIEE OF TRS JUS PP GS Gh iccn. 
A=(V1-Y2)/0X1-K2) 
Z3=VI-xX17A 
CzlV3-Y¥4)/ 035-4) 
J=AYI3I—-KI4SC 
K5e(0-c2)/04-C) 
Y92=ACK5%5 
RETURN 
END 
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SU3ZROQUTINE FCUNUCE » 993 9Hb) 

(NTEGER SHAFE 

CUMMON/CR2/SHAPE 

SUBROUTINE EQUND CALCULATES ThE- = ENTRY CONDITION TO THE 
AILD SLOPE PIPE (1222) BY KEFERERCE Tu THE ENERGY AT 
JISCHAKGE FFUR THe STEEP SLOFE PIFE (12=1)_9 OR SIMPLY 
FROM THE ENERGY INPUT CATA IF TRAT MOOSE IS CHOUSEN 

B8Y THE INPLT GF ICIV = L IN Tr& INITIAL READ STATEMENTS. 
PIPE CROSS SECTIUN [3 CONTRCLLED cY THE VALUE OF - 
TERR SHAPE s L2KECTANGULAR CK 2ECIFCULARs iN Tr€ INPUT. 
G29.81 é 
IFQSHAPE.GT.-1) GOTO 2 

Yl=0.0 

Had=O/(eF(2.0%C%E) FF). >) 

Vrt=HE/ 200.6 

AX=H8/2.20 

00 75 [21,10 

IFCIL.5T-1) Y1l=yY 

HX=HX¢ SH 

Y=(OFF2)/(06 -C¥G) 4 (1 3% 4K PSS2 VECHX—E) 

TFCTeEQe1LICFITuU 75 

LECV EC Ge CUS GCoeNUDSY oe D000) (GOLGr 76 

LE CY Lew CeGeANL OV 2G20360) Colur Te 

CONTINUE 
H3 =HX 

GOTO Lt 
CONTINUE 
A=0.0 
EC1=0.0 
VelLH=d/200.C 
PL=3.142 
R=B4/2-0 
H=H+O0ELH 


\ 


TE CHeL TOR) THETA=2. DFATAN(SORT (HE (3—HI IS (RH) ) 
TFCHLEQ.R) THE TA=PI 


TF CHeGT.R) TRETA=PI+2,.0*%ATAN( (H- RI (SAKT4Inet3— H)))) 
AREAH((PFFZI/SE CCV FCTHETA-SIM(TORETSA)) 

eC2=He (QFFZV/ CCAR CA FFZ2) F2.C%O) 

ECL=EC2 

GOTO 3 

AB=H 


CONTINUE 
RETURN 
END 
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SUBROUTINE CALC(HovL?) 

SUBSROUTINE CALC [S '3SCD THRCUGCHUUT THe PROGRAM TO 
DETERMINE TRE FLOW-PIPE PARAMETERS SuCrmn AS FLUW 
DEPTHsAREA,METTED PERIMETER AS PELL Ad BELNG USED 
IN THE BISECTION mMETHID CALCULATICN OF NOKMAL AND 
CRITICAL DEPTHS IN EACH OF THE PIPE LENCGTRS. 

In THE CIXCULARK PIPE CROSS SECTICN CASE IT ALSO 
CALCULATES SUS&TENLED ANGLE ANU THE WATER SURFACE 
4LOTH AS VEFTH CHANGES. 

AS IN eBOUNC AND PAIN PROGRAM THE PIPE SHAPE IS DETERMINED 
BY THE VALUF CF THE TERM SKAPE INFUT AS DATA. 
INTEGER SHAPE 

COMMON /CHI/Ps Ox GsCUNsSOsGAMsRHL sHCRIT sHNORM 9 AREA SPER SFP My ENERG 
COMHMON/CH2/SEAPE 

COMMON/CN3/12Z 

[FCSHAPE.GT.1)GG6TU lL 

TECIZ-EQ.3eAKRLeHeGE.8)H=3 

ARE A=H*2 

POR=B8+2.0°H 

ACKRIT=AL GCOS ZVSB/(GFAQEATS2) 

ANURM=1.0—( CFF Z)FCIN/S (CAL h FF 5 e325) S(PERFF1L23535)) 
JLEHCKRIT/ (ROR FSSC) 
POM=(GAMFARESTES/Z oD eC a4 CEC ZZ CES) 

FNERG=Re (UFF2)/ 1 (AXEAFF2)F2 0UFC6) 

mee | 2 


PTH ey ik. busca) Gure Ze . ; 
LECHeLT oR) THETA Ze DEATANISORT (HEC 9H SOS 205) 
IFCH.EG.R) TRE TA=PI : 

LECHeGT 0?) TRETA=PL 2. DFAT OY Hb Ze GILES DK TOF (2-4) DD? 
ern 22 

425 

“THETA=2.0¢PI 

AREA=PI14(8/2.0)%%2 


PER=PI*8 
KO=2/2.0 


GOTO 21 

CONTINUE 

ARE A=((8*721)/8.0)¥( THE TA— ~SIN(THETAD) 
PER=BSTHETA/2.0 

T22.0%( (HFC E—H 2) F425) 

HCRIT=L.O—-( C8 2.0) ST /( Gt arELee3) ; 
ANCRM=1L6O-(64%82 0) TINSC(CARFASCSEILIZIDSZ (PES FHL. 333)? 
OL=HCRIT/¢(HRAERKMtSO) 

KO=02.0/3.0)4( 6/2 DIFC 3 CIFSIN( TEE TA/S2.0 —-SINCSCOFTHETAS 2002) 
L0G. OF (THETAS2 -0O-O.SF#5IN(THETA) )) 
HSAR=X04H—-E/2.U 

FPM=GAMFAKE FSHEAR+ HIF QSOs/ AREA 

ENERG2H*(0% 42) /((AREAF%F2) 42, US 

CUNTINUE 

RETURN 

END 
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PROGRAM HYDSUM 


A full printout of program HYDSUM is included in this appendix. The program 
was written in Fortran for use on the NBS CBT Perkin Elmer 732 computer. No 
special facilities are required, single precision sufficient. 


The program is designed to calculate the critical and normal flow depths based 
on pipe slope, cross sectional size and shape, flow rate and Manning coeffi- 
cient. No flow chart is included as the program is directly copied from the 
early sections of HYDJUMP. 


The output is in tabular form and presents critical and normal depths as 
functions of pipe slope and flow rate for set values of Manning coefficients. 
In addition (F & M) values based on normal flow depths are calculated and 
tabulated as functions of pipe slope and flow rate. 


Sample data are included in this appendix. 
All calculations are carried out in SI units and all data are input in these 


units with the exceptten of flow rate which is input in litres/s and converted 
in the program to m/s. 
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Sample DATA Program HYDSUM 


Tabulation of h,, hc, (F+M) for a range of 8 flow rates for circular 
and rectangular channels. 


SHAPE 1 = rectangular 
2 circular 


Format 13 
VV2 


T (diameter or width), RM(Manning coefficient), QMIN(lowest flow 
rate), DQ(flow increment) NI(N° of test pipe slopes), N2(N° of 
approach pipe slopes). 


Format 4F10.4, 213 
VVVVO.1500VVVVO.O0150VVVV1 .0000VVVV1.0000 VV2 VV3 


Sl test pipe slope, Format F10.4. 
VVVVO.0025 


Sl test pipe slope, Format F10.4 
VVVVO .0050 


S2 approach pipe slope, Format F10.4 
VVVVO .5000 


S2 approach pipe slope, Format F10.4 
VVVVO.7070 


S2 approach pipe slope, Format F10.4 
VVVV0O.8660 


SHAPE Format 13 
VV1 


B, RM, QMIN, DQ, Nl, N2 
Repeat Line 2 


SHAPE 
VVO - indicates end of file. 
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SBATIA 
HYDSUM CALCULATES VALUES OF HC AND HN TO OETERMINE 
AHETHER JUMP FORMATION IS POSSIELEs, ALSO VALUES OF 
Fem ARE CALCULATED TO INDICATE WHETHER THE JUMP IS 
JROWNED ET PIPE ENTRY. 
JIMENSION OT(10) oSLIPE CLO0) oFNP(1EG 510) »HCP(10)5F4( 100910) 
INTEGER SHAPE 
COMMON SCALE oO 9 GolIN 930 sGAMeRHO oFHCRITs HNOK My AREA PER aFP Me = NERS 
COMNRON/CH2/ SHAPE . 
READ(45,702 )SHAPE 
702 FORMAT( 13) 
READ (4 9600 )0 RM SOMINeDQ NL NZ 
600 - FURSMAT(4F10.45213) 
QT¢(LI=QHIN 
JJ 601 K2298 
QTCKP=2=QT (K=-1)¢D00 
601 CONT INUE 
[20 
00 602 J2=loN1 
[=fe.l 
READ(4,603)S1 
503 FORMAT (F10.4%) 
SLOPECI 251 
602 CUNT INUE 
JV 604 J2leN2 
f= ¢L 
READ(45603)S2 
SLOPE I) 252 . 
504 CONTINUE 
N32N1¢N2 
N42N1L 
622 CONTINUE 
OO 605 [#1] N3 
VO 606 K=198 
Q2QT(K)/1000.0 
G29.81 
RnG21000.0 
GAR=GFRHO 
SO=SLOPE(TI) 
CON=(RH#*2)/S0 
DETERMINATICN OF CRITICAL AND NORMAL JEPTHS. 
CALCULATICN OF CRITICAL DEPTH. 
JP=8 i 
ON=0.0 
HC=UP/2-.0 
7 CONTINUE 
CALL CALC(HC OL) 
TF CHCRIT)39495 
3 JN=HC 
GOTO 6 
3 UP sHC ant 
6 HCN=(UP¢0N)/2.0 
[TF CABS (CHCN-HC)/HC).LE-0-001) GOTO 8 
HCzHCN ; 
GOTO 7? 
HC=HCN ho. 
[TF CHCONT .EQ0.0.0IJHCONT2HC if 
CALCULATION OF NORMAL OEPTH. 
UP =B 
DN=0.0 
HN2ZUP/2.0 
? CONT TINUE 


ANAND 


(ome) 


(or me) 
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12 
13 


14 


ll 


606 
605 


507 


$03 


609 
619 


610 


612 
6li 


613 


514 


615 


616 


617 


620 


1° 


IFCHNORF) 10ellel2 
DN2HN 

GOTO 13 

UP =HN 
4NN=(UP¢DN)/2.0 

[IF (ASS ( CHNN—-HND/HND OLE Oe 0013 GOTO 14 
HN2HNN 

GOTO 9 

HN=HANN 

CONTINUE 

[TF CHN.GE.6) WN=B8 
CALL CALC(HN,DL) 
HNP (19K) =HN 


~ ACP (CK) HC 


FCI 4K) =FPM 

CONTINUE 

CUNT INUE 

TFUSHAPE -EQel) WRITS(39607)BoKM 
TF CSHAPE.EO.2) WRITE(3,604)2 oR 


FORMAT(CLH1s1X9//55Xs°TASULATED NCRMAL FLOW DEPTHS %, 


FORMATULHLo1X9///4/15° 


*,FI0e4s/) 
ARI TE(3s609) (CT(K) K2158) 
FORMAT (//25Xo°FLOW RATE = %o8F10e4%,? 


L°PIPE DIA. OR% 9/9197Xs°HIDTH Me°) 


ARITE( 39619) 
FORMAT (/50Xo°NORMAL DEPTH Me°) 
ARI TEC 3 s610VSLOPECL) o (HNP C1 oK) 9 K=1, 3) 


iLsSe0* 


98 


FOR A RECTANGULAR CHANNEL CF WICTH °yFiG.4s* Me 
2°AND MANNING COEFF. ° oF l904s/) 
TABULATED NORMAL FLOM DEPTHS 
L°CIRCULAR CROSS SECTION CHANNEL CF OLAMETER °,5F10. 
2° Me AND MANNING COCFF. 


95Xo 


FGORMAT(SXe°PIPE SLOFPE® 2K gla TXa* (SIND 9 94 55Ko 


1F10.492X9dF 1004s 10XsFl 004) 

90 611 I22-N1 
WRITEC3Ss61LZ2ZISLOPECT Do (HNPCY 9K) Kel, 3) 
FORMAT (5X oF 10.4% e2Xe3F L004, 10X5F1I0.4) 
CONTINUE 


1 2N4 


ARI TE(3.613) 

FORMAT (//556X5%SSeese! gf/) 

NS2N4¢L 

DO 614 I2N54N3 
HRITEC35612)SLOPECI ho LHNPCI OK) 9K =le3) 
CUNT INUE 

4RITEC3 9615) (HCPCK) 9X21 598) 


FORMAT(//5EXo® CRITICAL * 9 4XaFFLO04a/95Xe "DEPTH Me? 


IF (SHAPE -EQeLIWRITE( 32 616)B9RM 
IF CSHAPE EQ o2) WRITE(3,617)B5Rm 


23 


28 


49 


of) 


rIJR A 


FORMATO LHL» lLXs//////5X5 TABULATED VALJES GF Fem AT NORMAL ° 


L°OEPTHS IM A RECTANGULAR CHANNEL CF HW 
2° Fle AND BRANNING COEFF. *,F10.4%s/) 


[OTH 


® sFlLOc4s 


FORMATCLHL so 1X9//////5Xo° TABULATED VALUES OF Fem AT NORMAL ° 


L°OEPTHS IN A CIRCULAR CROSS SECTICN CHANNEL DIAMETER 


2F106%5)° Me ANC MANNING COEFF. 
WRITEC3,609) (CT(K) KX 21,8) 
ARITE( 39620) 

FIRMAT(/43X5°F eM WALUE AT NORMAL CEPT 
ARITEC3s61LOVSLOPECLI (FC 1K) oh 2196) 09 
DO 618 [=2,N3 


®,F1004% 


of) 


te Ne 


TFC LT LENG IMRITEC 3s S51L2ISLOPE CI Do (CFC 94) oK2=198) 98 
TFC T eGToNSIWRITEC 3, SIL2ZVSLUPE CL Do CF CL 94) sK21906)58 


LF CLE ONG IMRITEC 39513) 
Al2.5 


b] 


9 


613 CONTINUE 

XEAD( 42702 )SHAPE 
TF Q@SHAPE-.EQ.0) GOTO 621 
READ(4 O00) 0 oRM GNI NoJQeNloN2 
SUTO 622 

621 CONTINUE 
END 
SUBROUTINE CALC(HsDL) 


C SUBROUTINE CALC IS YSEO THROUGHOUT THe PROGRAM TO : 
Cc JETERMINE THE FLOW-P IPE PARAMETERS SUCH AS FLOW 
C DEPTHsAREA,WETTED PERI NETER AS PELL AS BEING USED 
Cc [IN THE BISECTION METHOD CALCULATIGN OF NORMAL ANO 
C CRITICAL OEPTHS IN SACH OF ThE PIPE LENGTHS. 
C “EN THE CIRCULAR PIPE CROSS SECTION CASE IT ALSO 
c CALCULATES SUBTENDED ANGLE ANDO TEE WATER SURFACE 
C A#IOTH AS DEPTH CHANGES. 
C AS IN BOUNCG AND MAIN PROGRAM THE PIPE SHAPE IS DETERMINED 
C 3Y THE VALUE GF THE TERM SHAPE INPUT AS DATA. 
INTEGER SHAPE 
COMMON /CHL/ 2 9GoGoCINe50eGAM sRHOoHCRIT, HNORM AREA PER gFPASENERG 
COMMON/CH2/SHAPE 
COMMON/CH3/12Z 
TFCSHAPE .GT.1)GGTO lL 
LFCIZ-EQ.3-AND eH GE 08) 4*B 
AREA2H%8 
PER2B¢2.0%F 
HCRIT21.0—(0%% 2) #6/ (GF AREA##3) 
HNORM=1.0—-(C#F2) CONS ( (AREAFS3. S33V/(PERFFLS 333)) 
OL2HCRIT/(HNOR BFS0) 
FPA2=(GAMFAREAFH/2.0) #(RHOFQOSQ/ AREA) 
ENERG2H*(0%%2) /( CARE AFF2)%2.07G) 
20TO 2 
»! R2B70.5 
P[23.142 
TF CL ZeEQe3- AND HeGE.3) GOTO 20 
TF CHeLT oR) THETA=2Z-97A TANCE SORT (HE (8—H))/(0B/22.0-H)) 
IF CHCEQ.R) TRETA=PI 
[TFCH.GTeR) TRETA=PIL¢2.0FATAN((h—B/2. Od /ESORTIHF(B—1 DD 
GOTO 22 
20 428 
THE TA22.07P 1 
AREA=P1*(B/2.0) #%2 
PER=PI1 #86 
K02=8/2.0 
GOTO 2l 


22 CONTINUE 
AREA=( (B7%2)/8 2.0) %( THE TA~SINCTHE TA) ) 
PER=BFTHETA/2.0 
T22.0%( (H* ( P—H) )#*0.5) 
HCRLIT=L.0O—(OFF 2.0) %T/(GFAREASS3) 
ANORM=1.00—(OFF2.0)*CIN/( (AREA%S3.333)/ (PER F41.333)) 
DLZHCRIT/(CRNORM*SO) 
KO 2(2¢ 0/3-C)F(B/2 2.9) #( 3-0FS INC THETAS2Z. OU“SIN(I3.0%THETA/2Z 291) 
L/(4eO0*# (THETAS2Z 0-0-0. S#SINCI THETA) )) 

21 ABAR=KX0*H—-B/2.0 

j FPA=GAHFAREASr BAR*RHOFOSQ/AREA 

ENERG2H*(Q992) /( (AREAS 2) F2.04G) 


2 CONTINUE 
RETURN 
END 
$B8END 
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